THE  LABOR  CRISIS 

—it’s  up  to  Congress 


IT  HAS  remained  for  John  L.  Lewis  to  demon¬ 
strate  conclusively  that,  under  the  sponsorship 
of  the  federal  government,  the  power  of  organ¬ 
ized  labor  has  been  built  up  to  a  point  where  it  can 
be  used  to  paralyze  the  economic  life  of  the  nation. 
Therefore,  in  the  elemental  interest  of  self-preserva¬ 
tion,  the  first  order  of  the  day  is  to  cut  down  the 
power  of  organized  labor  to  a  point  where  irre¬ 
sponsible  leaders  no  longer  have  the  power  to  use 
it  to  cut  down  the  country. 

This  will  prove  an  exceedingly  complicated  job. 
The  federal  government,  over  a  dozen  years,  has 
developed  and  buttressed  the  power  of  organized 
labor  by  many  separate  steps.  They  are  interlaced 
in  a  pattern  which  cannot  easily  be  unravelled. 

Cutting  down  the  power  of  organized  labor  to 
proper  proportions  will  be  an  operation  almost  as 
delicate  as  brain  surgery.  To  be  successful  it  must 
impair  no  basic  American  political  or  economic 
right.  It  must  leave  intact  the  right  of  workers  to 
organize  and  bargain  collectively  through  represen¬ 
tatives  of  their  own  choosing.  It  must  leave  intact 
the  right  to  strike.  But  it  must  disassociate  from 
the  exercise  of  these  rights  opportunities  for  devas¬ 
tating  abuse  of  the  public  welfare  such  as  those 
demonstrated  by  Mr.  Lewis.  A  meat  axe  is  not  the 
instrument  for  this  operation. 

Because  of  the  complexity  and  delicacy  of  the 
operation  to  be  performed  it  would  be  helpful  if 
it  could  be  carried  out  in  a  tranquil  atmosphere. 
The  lurgency  of  the  problem  is  such,  however,  that 
no  time  can  be  lost  in  getting  at  it. 

Guiding  Principles 

However,  the  dangers  that  haste  or  heat  will  lead 
to  serious  blunders  can  be  largely  eliminated  if 
the  process  of  bringing  the  power  of  organized  labor 
back  within  safe  and  reasonable  bounds  is  governed 
by  principles  to  which  all  fair  minded  people  can 
fully  subscribe. 

The  most  important  of  these  principles  is  that  it 
is  an  abuse  of  public  authority  to  extend  special 
privileges  to  organized  labor. 

When  in  1935  Congress  passed  the  Wagner  Labor 
Relations  Act,  one  of  the  great  buttresses  of  the 
power  of  organized  labor,  it  was  upon  the  explicit 
theory  that  organized  labor  was  weak  and  needed 
coddling  by  the  federal  government  if  it  were  to 
survive,  let  alone  grow  big  and  strong.  In  the  policy 


section  of  that  act  it  was  stated  that  “the  inequality 
of  bargaining  power  between  employees  who  do  not 
possess  full  freedom  of  association  or  actual  liberty 
of  contract,  and  employers  who  are  organized  in 
the  corporate  or  other  forms  of  ownership  associa¬ 
tion  substantially  burdens  and  affects  the  flow  of 
commerce  ...” 

Regardless  of  whether  or  not  that  was  a  correct 
reflection  of  the  situation  in  1935,  it  bears  no  rela¬ 
tion  to  the  sitxiation  today.  Under  the  continuous 
sponsorship  of  the  federal  government,  the  power 
and  bulk  of  organized  labor  has  waxed  until  today 
it  is  preposterous  to  regard  it  as  the  weak  sister 
in  its  bargaining  with  employers.  If,  after  being 
continuously  demonstrated  since  V-J  Day,  the  prop¬ 
osition  that  the  pendulum  of  organized  power  has 
swung  too  far  over  on  the  side  of  organized  labor 
needed  any  final  and  clinching  demonstration,  John 
L.  Lewis  provided  it. 

Changes  in  the  Law 

Translation  of  the  principle  that  organized  labor 
is  no  longer  a  weakling,  requiring  a  diet  of  special 
privileges,  into  specific  legislative  enactments  is  a 
detailed  technical  operation  beyond  the  scope  of 
this  statement.  It  is  possible,  however,  to  indicate 
some  of  the  general  lines  it  should  follow.  Here 
they  are: 

1.  The  duty  to  bargain  collectively,  now  imposed 
upon  employers  by  the  Wagner  Act,  should  also 
be  imposed  upon  the  leaders  of  organized  labor 
who  are  now  imder  no  legal  compulsion  to  bargain. 

For  well  over  a  month  Mr.  Lewis  made  a 
complete  mockery  of  the  process  of  collective 
bargaining  by  refusing  even  to  state  his  demands 
until  the  coal  operators  had  approved  “in  prin¬ 
ciple”  a  plan  for  a  miners*  “health  and  welfare’* 
fund  which  he  fancied.  In  the  meantime  the 
country  was  plunged  into  an  ever  deepening 
crisis. 

2.  Unions,  as  well  as  employers,  should  be  made 
liable  to  suit  for  damages  for  breaking  their  collec¬ 
tive  bargaining  agreements. 

A  degree  of  responsibility  commensurate  with 
their  age  and  power  requires  that  unions  be 
liable,  to  the  extent  of  union  fimds  but  not  the 
funds  of  individual  members,  for  carrying  out 
their  agreements.  To  have  it  otherwise  is  to  hold 
that  a  collective  bargaining  agreement  is,  by  defi- 


nition,  a  phoney  agreement  so  far  as  the  union 
is  concerned.  Outlaw  strikes  are  the  fruit  of  this 
lop-sided  arrangement. 

3.  Employers  should  be  given  more  discretion, 
in  reinstating  employees  who  have  gone  on  strike 
than  is  now  permitted  by  the  Wagner  Act. 

The  Wagner  Act  largely  eliminates  the  risks 
involved  in  striking  because  of  the  requirements 
it  imposes  upon  employers  to  take  workers  back 
when  they  have  decided  to  return  to  work. 
These  requirements  make  it  virtually  impossible 
for  the  employer  to  replace  workers  even  if  they 
are  engaged  in  the  most  unjustifiable  of  strikes. 
At  the  least  workers  who  have  smashed  up  prop¬ 
erty  and  stirred  up  violence  in  the  course  of 
a  strike  should  have  no  rights  under  the  Wagner 
Act.  How  much  further  the  Wagner  Act  strait- 
jacket  should  be  loosened  at  this  point  should 
be  carefully  explored,  and  excesses  encouraged 
by  the  Act  should  be  removed. 

4.  The  wedge  which  the  National  Labor  Helations 
Board  has  driven  into  the  orderly  conduct  of  Amer¬ 
ican  industry  by  holding  that  foremen  are  covered 
by  the  Wagner  Act  should  be  eliminated. 

The  issue  involved  here  is  continuously  mis¬ 
labelled  and  confused  as  that  of  the  right  of 
foremen  to  organize.  There  is  no  question  of 
the  right  of  foremen  to  organize  any  kind  of  a 
legal  organization  they  desire.  That  is  their  right 
as  American  citizens.  The  issue  is  whether  or 
not  the  special  privileges  accorded  by  the 
Wagner  Act,  which  in  some  circumstances  has 
been  so  construed  as  even  to  prevent  employers 
from  talking  with  their  workers,  should  be  ex¬ 
tended  to  foremen  who,  if  American  industry  is 
to  have  a  chance  to  do  its  duty  effectively,  must 
represent  management  with  full  loyalty  and 
responsibility. 

A  member  of  John  L.  Lewis’  United  Mine 
Workers  takes  an  oath  which  provides,  in  part, 
“that  I  will  not  reveal  to  any  employer  or  boss 
the  name  of  anyone  a  member  of  our  union” 
and  will  “defend  on  all  occasions  and  to  the 
extent  of  my  ability  the  members  of  our  orga¬ 
nization.”  Mr.  Lewis  insists  that  the  coal  opera¬ 
tors  contract  to  deal  with  foremen  to  be  organ¬ 
ized  in  a  union  where  they  will  take  that  oath, 
and  where  their  activities  will  be  separated  from 
the  influence  of  employers  by  the  barriers  im¬ 
posed  by  the  Wagner  Act.  Such  an  arrangement 
undercuts  orderly  management  of  American 
industry. 

5.  The  exemption  of  labor  unions  from  the  fed¬ 
eral  anti-trust  laws,  provided  when  organized  labor 
was  presumed  to  be  weak,  should  be  modified  to 
take  accoimt  of  its  vastly  increased  strength,  and 


the  use  of  this  strength  to  destroy  business  enter¬ 
prise  and  create  monopoly. 

As  matters  stand  unions  can  run  employers 
completely  out  of  business  by  secondary  boy¬ 
cotts  and  run  fellow  workers  out  of  jobs  in  the 
process.  An  Ohio  manufacturer,  working  with 
a  government-certified  C.  I.  O.  union,  is  put  out 
of  business  because  A.  F.  of  L.  workers  refuse 
to  handle  his  products.  Still  the  government, 
this  time  in  the  person  of  the  United  States 
Supreme  Court,  says  that  actions  of  this  sort 
are  above  the  law  because  Congress  exempted 
unions  from  the  federal  anti-trust  laws. 

To  eliminate  one  of  the  most  devastating  forms 
of  restraint  of  trade,  this  exemption  should  be 
cut  down  forthwith  by  subjecting  unions  impos¬ 
ing  secondary  boycotts  to  the  same  penalties 
under  the  federal  anti-trust  laws  as  those  to 
which  employers  doing  the  same  thing  are  sub¬ 
jected.  And  the  question  of  further  narrowing 
the  obsolete  exemption  of  unions  from  the  fed¬ 
eral  anti-trust  laws  should  be  fully  explored. 

6.  The  levying  of  special  sales  taxes  for  the  exclu¬ 
sive  benefit  of  unions  should  be  prohibited  by  law. 

As  a  matter  of  good  government  the  right  to 
levy  consumption  taxes  should  be  reserved  to 
the  public  authorities  and  used  strictly  for  public 
purposes.  As  a  matter  of  good  economics,  pay¬ 
ments  to  workers  or  their  organizations  should 
be  included  in  the  payroll  where  they  can  be 
properly  coimted  as  part  of  the  cost  of  pro¬ 
duction. 

Equality  Before  the  Law 

When  everything  that  can  conceivably  be  accom¬ 
plished  by  legislation  has  been  accomplished  there 
is  no  reason  to  believe  that  an  ideal  or  even  a  surely 
workable  system  of  industrial  relations  will  have 
been  devised.  Many  of  the  mainsprings  of  such  a 
system  lie  deep  in  the  hearts  of  men  and  far  be¬ 
yond  the  reach  of  legislation.  There  is  no  chance, 
however,  of  having  such  a  system,  or  even  a  defen¬ 
sible  system  of  democratic  government  until  special 
privileges  which  tip  the  scales  of  power  far  on  the 
side  of  organized  labor  are  withdrawn  and  there  is 
some  measure  of  equality  for  employers  and  organ¬ 
ized  labor  before  the  law.  Though  it  is  hard  to 
believe  it  at  the  moment  the  country  may  come  to 
be  grateful  to  John  L.  Lewis  for  driving  that  lesson 
home  so  ruthlessly. 
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THIS  JS  THE  48th  OF  A  SERIES 


►  SPIRAL  .  .  .  The  inflationary  spiral  in  which  we 
are  now  having  a  moderately  good  time  is  well  publi¬ 
cized  in  the  press.  It  is  a  phenomenon  which  can  be 
controlled  within  the  borders  of  any  one  country  when¬ 
ever  and  if  the  people  of  that  country  wish.  No  one 
outside  the  country  need  be  consulted.  On  a  wider 
basis,  of  course,  international  action  is  required. 

There  is  another  spiral  in  which  we  are  presently 
engaged  which  gets  no  publicity  and  which  is  danger¬ 
ous  to  stop.  This  spiral  got  its  start  in  the  last  war 
when  it  was  highly  desirable  to  develop  an  antidote 
for  each  new  wartime  weapon  our  enemies  might 
produce.  Thus  for  each  new  device  a  counter  measure 
must  be  provided  not  only  to  disrupt  a  similar 
device  produced  by  the  enemy  but  to  find  the  holes 
in  our  own  equipment  and  plug  them  before  they  are 
discovered  by  the  enemy. 

This  cycle  of  developing  a  new  weapon,  then  a 
counter  means  to  it,  then  a  new  weapon  to  dodge  the 
counter  measure  and  so  on  soon  develops  into  a  spiral 
in  which  the  stakes  get  progressively  higher.  It  is  a 
game  in  which  all  nations  must  play  and  in  which  the 
end  point  is  utter  destruction. 

This  spiral  cannot  be  controlled  by  any  one  country 
lest  it  be  destroyed.  Only  the  highest  echelons  of  com¬ 
mand  can  do  anything  about  such  a  situation,  which 
requires  action  on  an  international  basis.  Otherwise  a 
great  portion  of  everybody's  time  and  energy  and 
brains  will  be  involved  in  producing  instruments  of 
death  and  destruction  of  even  greater  refinements 
than  existed  in  the  last  war. 

^  FM  .  .  ,  Present  day  thinking  of  the  broadcast  peo¬ 
ple  is  indicated  by  statements  made  at  the  FCC  hear¬ 
ings  on  clear  channels  late  in  April.  CBS  President 
Frank  Stanton  gave  his  opinion  that  f-m  would  sup¬ 
plant  a-m  in  three  years;  Mark  Woods,  president  of 


ABC,  gave  10  years  as  his  guess.  The  important  thing 
to  note  is  the  feeling  that  f-m  will  practically  put  a-m 
out  of  business.  Mr.  Stanton  visualized  a  200-station 
f-m  network  as  serving  90  percent  of  the  U.  S.  popu¬ 
lation,  aided  by  a  few  high  power  (really  high  power, 
this  time)  a-m  jobs  located  at  strategic  points  to 
cover  the  places  where  f-m  won’t  get  in.  Mr.  Stanton 
also  stated  that  20  of  the  Westinghouse  stratovision 
planes  might  cover  over  90  percent  of  the  country 
with  f-m. 

This  trend,  of  course,  is  inevitable — has  been  so 
from  the  beginning  and  has  been  evident  to  all  who 
were  not  afraid  to  look.  In  the  meantime  the  nation’s 
broadcast  set  manufacturers  are  hell  bent  on  loading 
dealers  with  table  models  without  f-m.  In  fact,  the 
glut  of  these  small  boxes  is  now  so  great  that  you  can 
walk  down  practically  any  street  in  New  York  or 
Chicago  and  find  a  half  dozen  stores  loaded  to  the  gills 
with  sets  of  this  type.  Someone,  soon,  ought  to  get 
consoles  ready  for  those  millions  of  people  who  want 
something  big  and  loud,  something  that  will  make  a 
real  dent  in  their  pocket  books  and  relieve  them  of 
that  awful  feeling  of  having  a  big  wad  of  money  and 
no  place  to  spend  it  except  at  the  races. 

And,  by  the  way,  is  it  possible  that  the  programs  are 
somewhat  better  lately? 

« 

►  SURPLUS  .  .  .  Considerable  annoyance  has  been 
expressed  by  radio  stores,  long  in  business,  at  one  of 
the  large  New  York  department  stores  which  was 
able  to  purchase  several  thousand  surplus  military 
transmitter-receivers  at  around  $40  and  promptly 
unload  them  by  full  page  ads  in  the  newspapers  at 
around  $80.  Dealers  claim  they  would  have  been  glad 
to  turn  them  over  at  very  small  profit  to  their  custom¬ 
ers  of  long  standing.  The  sets,  by  the  way,  set  the 
government  back  some  $1,100. 


RAILROAD  RADIO 

....from  FCC 


Use  of  radio  in  yards  and  terminals  has  such  obvious  advantages  that  railroads  require  little 
urging  to  adopt  it.  Employment  of  radio  along  main  lines,  for  the  promotion  of  public  safety 
and  convenience,  needs  stimulation.  Regulations  should  be  flexible  enough  to  provide  it 


WHEN  THE  Federal  Communica* 
tions  Commission,  on  Decem¬ 
ber  31,  1945,  made  finally  effective 
its  rules  governing  the  new  railroad 
radio  service,  it  was  tantamount  to 
an  announcement  that,  so  far  as  that 
agency  was  concerned,  the  use  of 
radio  by  the  railroads  could  hence¬ 
forth  proceed  on  a  regular,  non-ex- 
perimental  basis. 

The  FCC’s  fundamental  responsi¬ 
bilities  for  encouraging  railroad  use 
of  radio  having  largely  come  to  an 
end  with  its  establishment  of  the  rail¬ 
road  radio  service,  the  problem  now 
passes  to  the  Interstate  Commerce 
Commission.  The  essential  nature  of 
the  problems  with  which  the  ICC 
must  now  deal  appears  in  the  follow¬ 
ing  excerpt  from  Section  25  of  the 
Interstate  Commerce  Act: 

“(b)  That  the  Commission  may,  after 
investigation,  if  found  necessary  in  the 
public  interest,  order  any  carrier  within 
a  time  specified  in  the  order,  to  install 
the  block  signal  system,  interlocking, 
automatic  train  stop,  train  control, 
and/or  cab-signal  devices,  and/or  other 
eimilar  applianees,  methode,  and  eye- 
teme  intended  to  promote  the  eafety  of 
railroad  operation,  which  comply  with 
specifications  and  requirements  pre¬ 
scribed  by  the  Commission,  upon  the 
whole  or  any  part  of  its  railroad  such 
order  to  be  issued  and  published  a  rea¬ 
sonable  time  (as  determined  by  the 
Commission)  in  advance  of  the  date  for 
its  fulfillment . ” 

The  broad,  general  nature  of  the 
language  italicized  by  the  author 
would  seem  to  give  the  ICC  plenary 
authority  to  require  the  installation 
of  train  radio  systems.  Some  ques¬ 
tion  might  be  raised  regarding  the 
authority  of  the  ICC  to  order  instal¬ 
lations  in  yard  and  terminal  areas, 

*  T)i«  Tlewg  expressed  In  this  article  are 
personal  to  the  author. 


however.  Although  such  systems  in¬ 
dubitably  “promote  the  safety  of  rail¬ 
road  operation”  wherever  employed, 
it  might  be  argued  that  the  yard  and 
terminal  radio  communication  system 
is  not  “similar”  to  the  block  signal 
system,  train  control  devices,  etc, 
used  in  main-line  operations  and 
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which  were  specifically  mentioned  in 
Section  25  as  coming  within  the 
ICC’s  authority.  While  the  exact 
meaning  of  the  italicized  phrase  has 
not  been  determined  by  the  ICC  or 
the  courts,  it  is  believed  that  a  nar¬ 
row  construction  would  not  be  put 
upon  the  ICC’s  authority  if  the  ques¬ 
tion  were  to  arise. 

Yord  asd  Termisol  IqsipMMt 

The  ICC’s  authority  to  order  the 
installation  of  train  communication 
systems  in  yard  and  terminal,  as  well 


as  main-line  operations  is  not  likely 
to  be  placed  in  issue,  because  the  pres¬ 
ent  practicability  and  desirability 
of  using  radio  for  yard  and  terminal 
communications  has  been  convinc¬ 
ingly  demonstrated.  The  Superinten¬ 
dent  of  Telegraphs  of  the  Chicago, 
Burlington  and  Quincy  Railroad  rec¬ 
ently  summarized  that  road’s  exper¬ 
ience  in  the  use  of  radio,  with  one 
fixed  station  and  several  radio- 
equipped  diesel-electric  switch  engi¬ 
nes  operating  in  the  Chicago  yards, 
in  this  way 

“ . We  have  found  the  service  to 

be  dependable  and  effective  throughout 
that  portion  of  the  Chicago  switching 
district  in  which  we  operate,  which  has 

a  radius  of  about  18  miles . Our 

operating  people,  after  these  many 
months  of  actual  experience,  consider 
that  the  productivity  of  a  diesel-elec¬ 
tric  switch  locomotive  and  the  crew 
operating  it  is  increased  from  5  to  6 
percent  by  the  application  of  the  radio 
telephone.  The  cost  of  equipping  a 
diesel-electric  switching  locomotive 
with  radio  is  only  slightly  more  than  1 
percent  of  the  cost  of  the  locomotive 
itself . ” 

It  thus  appears  that  the  principal 
problems  confronting  the  ICC  will 
probably  not  revolve  about  yard  and 
terminal  installations,  the  efficacy 
and  advantages  of  which  have  been 
demonstrated.  There  will,  of  course, 
be  certain  problems  incident  to  fixing 
the  conditions  and  methods  of  oper¬ 
ation  of  yard  and  terminal  train  com¬ 
munication  systems  in  regular  use. 
But  it  is  not  likely  that  these  condi¬ 
tions  will  materially  affect  the  rapid 
pace  of  yard  and  terminal  installa¬ 
tions.  For  reasons  to  be  outlined, 
this  is  not  true,  however,  in  the  case 
.of  installations  that  will  be  used  to 
control  the  movement  of  trains  over 
main-line  track  outside  the  yard  and 
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terminal  areas  (and  ultimately  to 
provide  telephone  service  for  pas¬ 
senger  use) .  In  this  field,  the  use  of 
radio  holds  forth  the  brightest  pros¬ 
pects  for  improving  railroad  per¬ 
formance. 

Main  Line  Operations 

Unlike  yard  and  terminal  installa¬ 
tions,  the  advantages  of  radio  com¬ 
munications  in  main-line  operations 
are  less  susceptible  of  exact  evalua¬ 
tion  by  an  experimental  program 
limited  in  time  or  area  of  application. 
It  is  therefore  of  the  greatest  import¬ 
ance  that  the  conditions  and  specifica¬ 
tions  prescribed  by  the  ICC  regard¬ 
ing  the  use  of  radio  communications 
for  the  control  of  main-line  train 
movements  shall  not  unduly  restrict 
the  carriers’  experimentation  with, 
or  adoption  of,  a  tool  which  holds 
forth  so  much  promise  to  the  railroad 
performance  of  the  future. 

For  purposes  of  illustrating  the 
foregoing  general  statement  of  the 
major  problem  now  facing  the  ICC, 
let  us  consider  a  specific  question. 
Should  the  ICC  approve  the  use  of 
radio  for  en-route  communications 
control  only  if  the  conventional,  but 
expensive,  block  signal  system  has 
first  been  installed?  The  importance 
of  this  question  can  be  readily  per¬ 
ceived  when  it  is  realized  that  on 
nearly  half  the  main-line  track  in  the 
United  States  neither  manual  nor 
automatic  block  systems  are  in  use.* 
If  roads  are  to  be  denied  the  use  of 
radio  for  en-route  communications 
control  purposes  until  a  block  signal 
system  has  been  installed,  it  will  un¬ 
questionably  seriously  retard  the 
wide  use  of  radio  in  main-line  oper¬ 
ations. 
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An  englBoer  out  on  the  main  line  receiTei  instruction!  from  his  dispatcher  Tia  radio 


This  is  not  to  suggest  that  the 
radio  block  system  should  now  super¬ 
sede  the  present  manual  or  automatic 
block  signal  system  on  roads  employ¬ 
ing  such  systems.  The  use  of  radio 
on  such  roads  supplements  the  exist¬ 
ing  system. 


Automafic  lU 


The  testimony  of  W.  R.  Triem, 
General  Superintendent  of  Telegraph 
of  the  Pennsylvania  Railroad,  at  the 
B’CC  railroad  radio  hearing,  made  it 
abundantly  clear  that  the  expense  of 
equipping  fixed  points  and  front  and 
rear  of  trains  with  radio  equipment 
is  entirely  warranted,  even  on  roads 
100  percent  block-controlled. 

Even  conceding,  however,  as  the 
ICC  once  stated,  that  the  conven¬ 
tional  block  signal  system  “is  the 
best  method  known  for  preventing 
collisions  between  trains’’*  there  is 
no  denying  the  fact  that  many  thou¬ 
sands  of  miles  of  passenger-operated 
road  are  still  being  operated  without 
that  best-known  method  for  prevent¬ 
ing  train  collisions.  The  reason  for 
this  situation  is  quite  simple.  In  the 
opinion  of  the  railway  management 
concerned,  the  relatively  low-density 
traffic  handled  over  such  non-block 
sections  has  not  warranted  the  costs 
of  block  installation  and  maintenance. 

That  the  less  expensive  radio  sys¬ 
tem,  certainly  offering  a  large  meas¬ 


ure  of  added  security,  may  be  fully 
justified  in  such  cases  may  be  seen  in 
the  testimony  of  another  railway 
official.  Samuel  W.  Fordyce,  III,  As¬ 
sistant  to  the  President  of  the  Kansas 
City  Southern  Railway  Company  and 
the  Louisiana  &  Arkansas  Railway 
Company,  testified  at  the  FCC  rail¬ 
road  radio  hearing  that  a  complete 
installation  of  radio  equipment  on 
all  of  the  road’s  trains  and  at  all 
desirable  fixed  points  would  require 
an  outlay  of  $440,000.  Assuming  that 
the  equipment  would  require  com¬ 
plete  depreciation  over  only  a  five 
year  period,  his  company  felt  that  the 
outlay  was  entirely  justified  because 
it  was  estimated  that  the  operating 
savings  possible  through  the  use  of 
radio  communications  would  exceed 
$88,000  yearly,  without  even  con¬ 
sidering  the  value  of  the  added  safety 
factors.  To  equip  the  road  with  auto¬ 
matic  block  protection,  however, 
would  cost  an  estimated  $7,800,000 
which,  in  his  opinion,  could  not  be 
justified  on  any  economic  grounds. 

Under  such  circumstances,  to  con¬ 
dition  the  use  of  radio  for  en-route 
communications  control  on  the  prior 
installation  of  a  block  system  is  to 
deny  the  use  of  radio.  It  is  not  only 
to  deny  the  use  of  radio  but  probably 
the  development  of  a  system  which, 
on  roads  of  low-density  traffic,  may 
be  found  as  fully  effective  for  the 
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Rodio  communication  from  end-to-end  of  a  125-cor  freight  improTee  performance 


prevention  of  train  collisions  as  the 
presently  better-known  manual  or 
automatic  block  signal  controls. 

Supplementing  Manual  Block 

The  density  of  traffic  that  flows 
over  automatic-block  protected  track 
will  probably  justify  in  most  cases 
the  supplementation  of  such  systems 
with  two-way  radio,  because  of  the 
flexibility  of  control  in  train  move¬ 
ments  and  the  possibilities  for  pre¬ 
venting  traffic  tieups  if  the  conductor 
and  train  dispatcher  can  be  in  instan¬ 
taneous  touch  with  each  other. 

In  the  case  of  manual  block  sys¬ 
tems,  operators  at  each  end  of  the 
block  control  the  movement  of  a  train 
from  one  block  of  track  to  another. 
Because  of  the  cost  of  operation  of 
the  manual  block  system,  the  blocks 
are  quite  long,  averaging  between  12 
and  15  miles,  as  contrasted  with  be¬ 
tween  1  and  2  miles  for  automatic 
block  systems.  The  length  of  these 
blocks  leads  to  permissive  move¬ 
ments,  i.e..  Train  B  will  be  allowed 
to  follow  Train  A  on  the  same  block; 
or  Trains  A  and  B,  going  in  opposite 
directions,  may  be  allowed  to  occupy 
the  same  block  for  the  purpose  of 
meeting  at  an  intermediate  point 
where  one  may  pass  the  other  on  a 
siding. 

Thus  there  is  an  even  greater  need 
for  definitizing  the  position  of  all 


trains  on  the  block  in  the  case  of  a 
manual  block  system,  which  is  readily 
possible  through  the  instaneous  com¬ 
munication  radio  permits  between 
flxed  control  point  and  moving  train, 
and  between  trains.  Indeed,  it  may 
well  be  that  experience  with  radio  en- 
route  communications  will  prove  that 
type  of  train  control  superior  to  the 
manual  block  system  of  operation 
with  the  permissive  train  movements 
above  described.  If  so,  considerable 
savings  in  the  costs  of  operation  may 
be  made  possible  through  lengthen¬ 
ing  of  the  blocks,  for  example,  or  by 


expediting  the  flow  of  traffic  by  in¬ 
creasing  the  number  of  permissive 
movements. 

The  Course  Ahead 

As  it  can  be  seen,  the  course  the 
ICC  must  chart  in  the  development  of 
railroad  use  of  radio  is  not  an  easy 
one.  Under  all  three  methods  of 
main-line  train  operations — time¬ 
table  and  train  order;  time-table, 
train  order  and  manual  block;  and 
time-table,  train  order  and  automatic 
block — the  common  problem  will  be 
the  establishment  of  routines  which 
will,  consistent  with  safety  of  opera¬ 
tion,  permit  the  maximum  advantage 
to  be  taken  of  this  new  tool  for  im¬ 
proving  railroad  performance.  A 
sound  evaluation  of  the  problems 
posed  by  the  application  of  radio  to 
railroad  operations  cannot  be  ex¬ 
pected  if  approached  with  the  fixed 
view  that  the  unchanging  basis  of  all 
safe  operation  is  to  be  found  only  in 
the  block  signal  system. 

The  long  experience  the  ICC  has 
had  in  the  railroad  field  and  its  con¬ 
tinued  championing  and  adoption  of 
other  safety  devices  such  as  the  block 
system,  interlocking  switches  and  au¬ 
tomatic  cab  signals,  presages  the 
sound  handling  of  the  problems 
raised  by  the  application  of  this  lat¬ 
est  safety  measure  to  railroad  main¬ 
line  operations. 
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Table  II — Railroad  Radio  Frequencies 


EXCLUSIVE 

SHARED 

EXPERIMENTAL 

158.4  to  162  me 

44  to  50,  54  to  60,  60  to 
66,  66  to  72,  76  to  82, 
186  to  192,  192  to  198, 
198  to  204,  204  to  210, 
210  to  216  me 

1375  to  1425,  1750  to 
2100,  2450  to  2700, 
3700  to  4000,  4200  to 
4400,  5650  to  7050, 
10500  to  13000,  16000 
to  18000,  26000  to 

30000  me 

(This  provides  60 
channels,  each  60-kc 
wide,  primarily  for  end- 
to-end  and  fixed-point- 
to-train  communica¬ 
tions.  Use  on  a 
secondary  basis  fw 
yard  and  terminal  com¬ 
munications  pmmitted) 

(Specific  channels  will 
be  assigned  in  television 
channeb  1-5  and  9-13 
for  short-range  yard  and 
terminal  railroad  com¬ 
munications  on  a 
mutually  non-inter¬ 

fering  basis) 

(Specific  channels  will 
be  assigned  from  fixed 
and  mobile  bands  for 
railroad  expoimental 
programs  in  these 
higher- frequency 
ranges). 
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I 


Electronic 
NIGHT  SIGHT 


The  target  is  illuminated  by  infrared  light  and  a  com¬ 
bination  orthicon  and  cathode-ray  tube  with  a  built-in 
electron  multiplier  converts  the  reflected  light  into  a 

visible  image 


The  night  right  mounted  on  a  30-calibre 
carbine,  showing  the  righting  and  aiming 
teleicope  (receWer)  oboTO  the  barreL  the 
"near  inirored"  lightsource  (transmitter) 
below  it  and  the  powerpack  on  the  marks¬ 
man's  back 


continuous  duty.  Total  current  drain 
is  36  watts. 

In  addition  to  the  Sniperscope,  de¬ 
signed  for  mounting  on  a  carbine,  a 
“Snooperscope”  intended  for  detec¬ 
tion  of  infiltrating  enemy  troops  and 
the  reading  of  maps  in  darkness  was 
shown.  Some  6,000  of  these  two  mod¬ 
els  using  Sylvania  and  Farnsworth 
tubes  were  manufactured  and  de¬ 
livered  to  the  military  during  the 
war.  They  were  extensively  used  by 
the  10th  Army  based  on  Hawaii,  and 
by  the  Marines  at  Saipan,  as  early 
as  December  1944.  Three  other  mod¬ 
els  have  also  been  built,  for  use  in 
conjunction  with  anti-aircraft  weap¬ 
ons,  in  night-fighting  aircraft,  and  in 
tanks.  Reporters  were  told  that  one 
model  employing  a  tube  containing 
radium  is  so  sensitive  in  the  “far 
infrared”  region  that  it  can  detect  a 
camouflaged  tank  by  engine  heat 
hours  after  the  motors  are  shut 
down.  This  particular  model,  by  vir¬ 


tue  of  the  shorter  light  wavelength 
employed,  is  also  quite  effective 
through  fog.  The  models  shown  were 
only  30  percent  more  effective  in  fog 
than  white  light  would  be. 

The  Sniperscope  sold  to  the  gov¬ 
ernment  for  about  $750,  according  to 
company  engineers.  Commercial  ver¬ 
sions,  it  was  said,  might  eventually 
be  developed  for  about  half  this  price 
for  police  and  other  law-enforcement 
agencies,  depending  to  a  large  extent 
upon  the  sales  volume  attained.  Other 
potential  peacetime  applications 
would  include  use  by  aircraft  to 
bridge  the  gap  left  by  most  radio  and 
radar  blind-landing  apparatus  in  the 
last  50  feet  above  ground,  safe  navi¬ 
gation  for  shipping  at  night  or  in 
dense  fog,  and  perhaps  ultimately 
fog-piercing  apparatus  for  railroads 
and  even  for  automobiles.  Experi¬ 
mental  infrared  apparatus  has  op¬ 
erated  effectively  at  distances  up  to 
i  mile. — W.  MacD. 


SIMILAR  to  a  German  infrared 
night  sight  described  in  the 
Tubes  at  Work  department  of  this 
issue  of  Electronics,  a  “Sniper¬ 
scope”  demonstrated  to  the  press  by 
Electronic  Laboratories,  Inc.,  of  In¬ 
dianapolis  is  effective  up  to  60  yards 
in  complete  darkness.  The  marks¬ 
man  switches  on  a  light  virtually  in¬ 
visible  to  the  naked  eye,  sees  an  im¬ 
age  of  the  target  on  the  screen  of  a 
special  electronic  tube,  and  squeezes 
the  trigger. 

Light  produced  by  a  6-volt  30-watt 
lamp  is  sharply  focused  and  directed 
toward  the  target  through  a  “near 
infrared”  filter.  Light  reflected  from 
the  target  passes  through  an  optical 
lens  system  and  forms  an  image  on 
the  mosiac  of  a  tube  similar  to  the 
orthicon  type  used  in  television 
transmitter  pickup  cameras,  except 
for  the  fact  that  it  is  sensitive  in  the 
region  between  80,000  and  120,000 
Angstrom  units.  Within  this  same 
tube,  which  employs  an  electron-mul¬ 
tiplier  type  photoelectric  cathode,  the 
infrared  image  is  converted  into  a 
visible  image  by  an  electrostatically 
focused  cathode-ray  section  similar 
to  those  employed  within  television 
receiver  picture  tubes,  and  the 
marksman  peers  at  this  image 
through  a  magnifying  lens  system. 
Resolution,  in  television  terms,  is 
about  the  equivalent  of  600  lines. 

The  lightsource  is  operated  di¬ 
rectly  from  a  rechargeable  wet,  but 
non-spillable,  battery.  The  tube  ob¬ 
tains  4,500  volts  of  d-c  for  the  vari¬ 
ous  anodes,  control  grids,  and  focus¬ 
ing  electrodes  from  a  vibrator.  No 
filament  power  is  required.  The  bat¬ 
tery,  operating  both  the  lightsource 
and  the  tube,  will  last  for  6  hours  on 
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electrostattcally  focused  cathode-ray 
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R«ar  riew  of  the  central-itation  unit  show¬ 
ing  cords  connecting  microphones  or  a  re¬ 
mote  desk  set  cmd  diaL  Besides  on  audio 
mixer  and  automatic  restoring-pulse  gen¬ 
erator  the  unit  includes  a  power  supply 


For  many  years  there  have  been 
in  existence  a  number  of  radio 
communications  systems  which  were 
installed  primarily  as  a  means  of 
controlling  the  action  of  mobile  units 
from  a  central  authority.  Police  and 
public  utilities  systems  are  the  most 
familiar  examples.  With  the  devel¬ 
opment  of  new,  improved  mobile 
equipment  to  satisfy  a  public  demand 
for  this  type  of  service  a  manifold 
increase  may  be  expected  in  the  use 
of  such  systems  and  this  increase 
will  bring  with  it  new  problems. 

The  time-honored  anouncement 
“calling  all  cars”  or  “calling  car  X- 
78”,  is  on  the  way  out.  Even  in  a 
well-disciplined  group  represented 
by  police  personel,  misunderstanding 
of  verbal  signals  and  the  ability  of 
any  car  to  come  on  the  air  at  will 
jeopardizes  the  system.  Control  of 
tugboat  or  taxi  fleets  in  which  the 
operators  of  the  mobile  units  may 
forget  their  call  numbers  or  may  un¬ 
thinkingly  break  in  upon  established 
communications  demands  a  foolproof 
calling  system  with  lockout  of  un¬ 
wanted  mobile  transmitters.  Thie 
calling  code  must  be  sufflciently  dis¬ 
tinctive  so  that  receivers  will  not 
respond  to  skywave-reflected  signals 
of  distant  medium-frequency  trans¬ 
mitters  or  the  occasional  abnor¬ 
mally  long-distance  signals  on  very 
high  frequencies. 

One  of  the  most  obvious  and 
attractive  methods  of  controlling  a 
group  of  receivers  from  one  point 
makes  use  of  an  easily  operated  de¬ 
vice  for  effectively  keying  a  trans¬ 
mitter  with  a  series  of  coded  signals, 
one  for  each  receiver,  in  such  a 
manner  that  an  alarm  is  sounded  at 
the  mobile  station  without  the  neces¬ 
sity  for  continuously  monitoring  the 
carrier  frequency  of  the  central 
transmitter.  A  truly  satisfactory 
system  of  control  would  be  one  in 


Selective 


Positive  control  of  remote  communications  equipment  in 
police,  taxi  or  other  mobile  fleets.  Equipment  is  applicable 
to  new  or  existing  transmitters  and  receivers 


By  J.  K.  KULANSKY 

Project  Engineer 

Hammarlund  Manufacturing  Co.,  Inc. 
New  York.  N.  Y. 


which  a  “black  box”  is  connected  to 
any  of  the  various  t5T)es  of  receivers 
now  in  use  in  order  to  accomplish  the 
desired  effects.  By  the  same  token, 
the  signalling  device  at  the  trans¬ 
mitter  should  be  a  similar  self-con¬ 
tained  unit,  easily  attached  to  any 
standard  equipment  with  a  minimum 
of  effort. 

With  these  objectives  in  mind,  the 
Hammarlund  Manufacturing  Co.  has 
designed  a  fleet-control  system  which 
has  a  number  of  unique  features. 

Mechanical  and  Elactrical 
Charactaristics 

Moderate-size  equipment  which 
can  be  connected  to  the  speech  input 
circuit  of  any  central-control  radio 
transmitter  now  in  use  without  ad¬ 
versely  affecting  the  normal  audio 
function  is  used.  The  mobile  decoder 
is  a  small,  low-current-drain  unit  to 


be  added  to  equipment  already  in¬ 
stalled  in  vehicles  or  craft  or  for 
inclusion  on  the  chassis  of  new  re¬ 
ceiving  equipment. 

The  code  transmitter  operates 
directly  into  a  500  or  600-ohm  audio 
input  at  a  level  of  0-350  millivolts 
and  furnishes  an  appropriate  input 
circuit  for  a  dynamic  or  carbon- 
button  microphone  or  handset  in 
such  a  manner  that  there  need  be  no 
switching  between  the  control  and 
communication  function.  The  re¬ 
ceiving  equipment  is  capable  of  oper¬ 
ating  reliably  with  a  properly  coded 
signal  from  the  receiver  output  stage 
at  a  level  approximately  15  db  down 
from  the  normal  audio  signal. 

Operational  Procedure 

The  control  operator  or  dispatcher 
can  select  any  one  of  84  different  re¬ 
ceivers,  or  all  84  at  once,  by  dialing  a 
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Calling  System 


FIG.  1 — ^Block  diagram  of  the  central-station  coder.  The  manual  telephone  dial  keys 
a  6-kc  oscillator  to  signal  the  mobile  units.  All  the  blocks  to  the  left  represent  circuit 
elements  used  in  automatically  clearing  the  system  for  the  next  call 


four-digit  number,  such  as  2611,  the 
digits  of  which  total  10.  At  the  con¬ 
clusion  of  his  transmission,  he  can 
clear  the  system  quickly  in  order  to 
initiate  further  selective  calls  or  to 
allow  the  previously  locked-out  sta¬ 
tions  to  call  the  master  control.  The 
receiving  station  accepts  its  coded 
call  and  is  automatically  put  into 
condition  to  transmit  a  reply,  even 
with  a  signal  only  3  db  above  hash- 
noise  applied  to  the  input  of  the 
decoder  unit.  A  visual  signal  light 
indicates  to  the  operator  the  condi¬ 
tion  of  the  facilities.  The  receivers 
not  called  reject  the  coded  signals, 
but  a  warning  light  shows  that  the 
system  is  busy  and  unwanted  mobile 
transmitters  are  locked  out  of  use. 
Laboratory  tests  so  far  indicate  that 
receivers  so  equipped  do  not  respond 
to  spurious  signals  of  any  kind, 
either  voice  frequencies,  audio  tones. 


or  signals  from  adjacent  systems 
which  utilize  the  same  type  or  other 
coded  calling  systems. 

Under  certain  conditions,  when 
the  full  84  mobile  stations  are  not 
required,  the  system  can  be  modified 
to  allow  a  lesser  number  to  be  called, 
one  at  a  time,  in  any  desired  se¬ 
quence.  This  procedure  is  effected 
without  releasing  the  previous  calls 
or  calling  all  stations  at  once. 

Central  Station  Coder 

The  central  station  coder  (pictured 
here)  consists  of  a  cabinet  10  x  10  x 
12  inches,  weighing  22|  pounds. 
Main  power  switch,  indicating  light 
and  primary  fuse  are  located  near 
the  lower  front  edge.  The  operating 
controls,  a  standard  telephone  dial 
and  a  momentary-contact  pushbut¬ 
ton,  are  located  on  the  sloping  panel. 
Microphone  and  other  connections 


Front  view  ef  the  central-station  selective 
calling  unit.  This  type  of  construction  is 
used  for  older  installations  where  there  is 
no  room  for  another  panel  in  existing 
equipment 


appear  at  the  rear  of  the  unit  (also 
illustrated).  Dial  and  reset  button 
carry  direct  current  only  and  so  can 
be  remotely  located  if  desired. 

A  block  diagram  of  the  central- 
station  apparatus  is  shown  in  Fig.  1. 
The  heart  of  the  transmitting  ap¬ 
paratus  is  the  6-kc  tone  oscillator 
which,  together  with  the  dialing  im¬ 
pulses,  furnishes  the  necessary  sig- 
nal-to-noise  discrimination  for  reli¬ 
able  signalling.  Extremely  stable 
oscillations  at  the  desired  frequency 
have  been  obtained  from  a  kallitron- 
type  oscillator^  In  this  circuit  a 
negative  resistance  produced  by  a 
modified  form  of  multivibrator  is 
used  across  an  inductance  which 
forms  the  primary  of  an  output 
transformer  for  the  tone  oscillator. 
The  dial  contacts  merely  reduce  grid 
bias  in  such  a  way  as  to  key  the 
circuit.  In  actual  practice,  with  the 
frequency  discrimination  available 
at  the  receiving  apparatus,  it  is  pos¬ 
sible  to  use  signalling  channels  about 
1,000  cps  apart  near  6  kc  and  about 
500  cps  apart  at  the  lower  limit  of 
3  kc. 

The  tone  impulses  are  fed  into  a 
cathode-follower  mixer  which  allows 
the  use  of  a  dynamic  microphone  or 
a  desk  set  immediately  after  the  code 
signal  is  dialed,  without  any  addi¬ 
tional  switching.  The  output  of  the 
mixer  feeds  the  regular  speech-input 
circuit  of  the  radio  transmitter. 

The  rest  of  the  blocks  to  the  left 
of  the  tone  generator  represent  the 
circuit  elements  used  to  generate  the 
coded  pulses  necessary  to  reset  all 
receiving  apparatus  at  the  touch  of 
a  button. 

The  reset  timer  is  a  normally-off 
multivibrator,  with  a  period  of  0.33 
second,  from  which  the  bias  is  re¬ 
moved  by  closure  of  the  reset  button. 
At  the  instant  the  timer  turns  on, 
the  normally-off  timer  switch  is  also 
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turned  on.  This  electronic  switch 
then  connects  the  +300-V  lead  to  the 
pulse  generator,  a  multivibrator  op¬ 
erating  at  30  pps.  By  this  means, 
exactly  10  pulses  are  released  from 
the  pulse  generator  and  fed  to  one 
grid  of  the  keying  switch.  These 
impulses  act  upon  the  6-kc  oscillator 
in  the  same  manner  as  the  dial  im¬ 
pulses.  However,  because  of  the  sys¬ 
tem  requirements,  a  long  pulse  of 
about  0.15  second  duration  must  be 
made  to  follow  the  series  of  ten  short 
pulses. 

The  first  circuit  put  into  operation 
by  depressing  the  reset  button  is  the 
reset  timer.  At  the  end  of  its  0.33- 
second  on  period,  the  multivibrator 
falls  back  to  its  normal  position  and 
a  positive  pulse  from  the  normally-off 
tube  is  fed  to  the  dash  generator,  an¬ 
other  multivibrator  circuit  with  a 
period  of  0.15  second,  which  turns  on 
the  second  grid  of  the  keying  switch. 
The  sum  total  of  these  operations  re¬ 
sults  in  a  complex  signal  pulse  last¬ 
ing  approximately  half  a  second,  at 
the  end  of  which  time  all  mobile 
equipment  is  released  for  new  calls. 

Mobile  Code  Receiver 

The  receiving  equipment  pictured 
is  complex  only  in  the  electromechan¬ 
ical  sense,  in  that  the  received  tone 
pulses  are  translated  into  positions 
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Sample  Group  Calling  System 
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FIG.  2 — Simplified  block  diagram  of  the  mobile  decoding  equipment.  In  this  device 
the  received  6<kc  tone*pnUes  ore  converted  to  the  opercrtional  sequence  positioni  oi 
a  stepping  switch  or  rejected,  depending  upon  the  code  dialed 


FIG.  3 — The  mobile  decoder  is  inserted  in  series  with  the  primary  oi  speaker  output 
transiormer  in  the  plate  lead  oi  the  receiver  audio-output  tube.  The  plots  oi  imped¬ 
ance  vs  irequency  ocross  iilter  and  speaker  transiormer  indicate  the  extreme 
selectivity  oi  the  iilter.  The  speaker  response  will  be  down  at  the  signalling 
irequency.  but  stibstantially  unaiiected  in  the  speech  range 


of  a  telephone-type  stepping  switch. 
Otherwise,  it  can  easily  be  connected 
in  the  audio  output  of  any  receiver, 
with  some  additional  wiring  to  pro¬ 
vide  automatic  transmitter  lockout 
and  visual  indication  of  a  busy  sys¬ 
tem,  as  shown  in  the  simplified  block 
diagram  of  Fig.  2. 

The  6-kc  band-pass  filter  shown  in 
Fig.  3  is  connected  in  series  with  the 
output  transformer  in  the  plate  lead 
of  the  receiver.  The  transformer  is 
shunted  by  a  relatively  low  value  of 
capacitance  to  reduce  its  impedance 
to  the  higher  audio  frequencies  used 
for  calling.  The  filter  primary  is 
sharply  tuned  to  6  kc,  with  an  input 
impedance  of  about  33,000  ohms  at 
that  frequency,  but  it  presents  a  low 


impedance  of  about  200  ohms  to  voice 
frequencies.  There  is  therefore  no 
serious  speech  attenuation  by  inser¬ 
tion  of  the  coded-calling  device. 

The  first  tone  impulse  passing 
through  the  filter  turns  on  the  nor- 
mally-cutoff  a-f  amplifier  which 
operates  a  sensitive  a-f  relay,  and 
locks  out  the  transmitter.  At  this 
time,  the  indicating  lamp  on  the 
dashboard  lights  (or  a  previously 
lighted  lamp  dims  to  half  brilliance 
if  this  type  of  system  is  desired), 
showing  that  a  call  is  in  progress. 
Depending  upon  the  wiring  of  a 
multiconnector  coding  plug,  the  first 
complete  digit  dialed  either  rejects 
the  call  or  sets  up  a  condition  of  the 
switching  mechanism  for  acceptance 
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of  further  digits.  This  same  form 
of  selection  takes  place  upon  receipt 
of  succeeding  digits. 

If  the  received  number  is  correct 
for  the  station  called,  the  pulsing 
gate,  which  is  a  part  of  the  stepping 
relay  mechanism,  remains  open  for 
the  duration  of  each  pulse  sequence 
of  a  digit,  until  the  stepping  relay 
has  finally  attained  its  tenth  and  last 
step.  At  this  point,  the  transmitter 
circuit  is  unlocked,  the  visual  signal 
goes  out  and  the  loudspeaker  is  con¬ 
nected  to  the  receiver.  If,  however, 
at  any  point  a  wrong  number  for  this 
station  comes  through,  the  decoding 
relay,  actuated  by  the  stepping  relay 
and  the  associated  wiring,  operates 
the  release  magnet  of  the  stepping 
relay  and  allows  it  to  fall  back  to  its 
starting  position.  The  transmitter 
remains  locked  out  and  the  indicator 
lamp  remains  lighted,  showing  that 
it  is  not  possible  to  operate  the 
mobile  transmitter.  The  loudspeakers 
,  in  all  mobile  units  are  muted  during 
the  above  sequence  to  avoid  distrac¬ 
tion  of  the  mobile  operators’  atten¬ 
tion  from  other  duties. 

Calling  All  Cars 

If  the  central-control  operator  de¬ 
sires  to  address  all  the  mobile  units 
at  once,  he  dials  zero  (actually  10), 
whereupon  all  the  mobile  stepping 
switches  come  up  to  the  last  position 
and  place  the  mobile  equipments  in  a 
condition  for  two-way  operation. 

.When  the  dispatcher  has  concluded 
communication,  he  operates  the  reset 
button,  which  causes  the  transmitter 
to  send  out  ten  short  pulses  followed 
by  a  dash,  as  described  above.  All 
switches,  regardless  of  their  previ¬ 
ous  position,  are  thereby  brought  up 
to  the  last  step  and  then  released  by 
the  long  dash.  The  loudspeaker  which 
is  normally  connected  at  the  moment 
the  stepping  switch  attains  the  last 
contact  remains  silent  during  the 
clearing  signal.  At  the  same  time, 
the  indicator  lamp  goes  out,  showing 
the  mobile  operator  that  the  system 
is  again  available  for  use  by  anyone. 

The  code  number  of  each  vehicle 
is  determined  by  a  multipoint  plug 
which  can  be  quickly  inserted  or 
withdrawn  from  the  decoding  unit. 
The  plugs  are  wired  according  to  a 
definite  plan  in  such  a  way  that  all 
the  desired  points  are  tied  together. 
Thus  the  coding  of  the  vehicle  can 
be  changed  merely  by  substituting  a 


plug  differently  wired,  and  stamped 
with  the  number  to  which  the  equip¬ 
ment  will  respond. 

Physically,  the  receiving  unit  is 
compact,  measuring  31  x  3ii  x  11 
inches  above  the  chassis  and  extend¬ 
ing  about  1  inch  below.  The  unit, 
weighing  3?  pounds,  can  be  replaced 
in  about  a  minute  by  loosening  four 
patent  fasteners.  The  coding  plug 
can  be  quickly  shifted  from  the  old 
to  the  replacement  unit. 

Current  drain  ranges  from  3  am¬ 
peres  (at  6  volts)  for  each  pulse 
during  the  stepping  period,  and  0.11 
ampere  during  the  transmitter  lock¬ 
out,  down  to  0.25  ampere  during 
standby.  However,  the  receiving 
relays  will  respond  reliably  to  signals 
when  they  are  operated  from  a  source 
of  from  5.5  to  7.5  volts,  so  that  there 
is  little  danger  of  the  system’s  be¬ 
coming  inoperative  during  a  period 
of  excessive  use  or  when  batteries 
are  being  charged. 

Possible  Variations  * 

Dialing  speed  is  not  critical,  par¬ 
ticularly  when  faster  than  normal. 
The  system  as  basically  constituted 
responds  to  four-digit  numbers, 
with  a  limit  of  84  stations.  If  five¬ 
digit  numbers  are  permissible,  the 
system  can  be  made  to  include  126 
stations. 


In  some  instances,  it  may  be  de¬ 
sired  to  divide  the  fleet  into  several 
sections  and  make  a  general  call  for 
each  sub-group.  Table  I  illustrates 
how'  one  section  of  a  fleet,  consisting 
of  13  mobile  stations,  identified  A 
through  M,  can  be  issued  a  general 
call  by  dialing  19  instead  of  0  (gen¬ 
eral  call  for  a  whole  fleet).  In  addi¬ 
tion,  the  section  can  be  broken  up  into 
tw'o  groups,  B-G  and  H-M,  with  a 
roving  captain  represented  by  A.  A 
general  call  to  the  first  sub-group 
can  be  made  by  dialing  28,  whereas 
the  second  sub-group  receives  a  gen¬ 
eral  call  when  37  is  dialed  from  the 
dispatcher’s  transmitter.  It  should 
be  noted  that  in  this  example  station 
A  is  included  in  a  general  call  to 
either  group. 

Conclusions 

The  principles  involved  in  this 
system  can  be  applied  to  other  re¬ 
mote  signalling  applications,  wire  or 
radio,  and  variations  allow  remote 
control  of  the  transmitting  equip¬ 
ment  as  well  as  its  coded  output.  The 
relative  simplicity  of  the  equipment 
is  perhaps  best  attested  by  its  low 
cost  and  its  variety  of  uses. 
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Interior  of  the  mobile  decoding  unit.  The  eelectiTe  filter  is  enclosed  in  the  con  at  tha 
left,  the  stepping  and  other  relays  ore  at  the  right.  A  numbered  plug  (1216)  indicateaL 
the  code  to  which  the  unit  will  respond.  This  plug  can  be  quickly  changed 
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Photoelectric  Sight 

Disc  masking  most  of  the  light  radiated  hy  the  sun  itself  is  automatically  centered  within  one 
second  of  arc  so  that  corona  photographs  can  be  taken  and  radio  disturbances  forecast 


Operatieg  Pri«cipl« 


The  unusual  optical  requirements 
of  a  coronagraph  preclude  the  possi¬ 
bility  of  utilizing  a  partial  reflection, 
prior  to  the  formation  of  the  primary 
solar  image,  to  form  an  image  on  the 
phototubes  so  that  it  was  deemed 
simplest  to  use  a  separate  guiding 
telescope  mounted  rigidly  on  the 


FIG.  1 — Photoelectric  opporatue  ie  mounted  on  top  of  the  main  telescope.  The  guiding 
telescope  lens  may  be  seen  near  the  top.  with  the  phototube  and  amplifier  unit 
below  it.  A  camera  is  mounted  on  the  near  end  of  the  telescope 


The  drive  mechanism  of  the 
Harvard  College  Observatory 
solar  coronagraphic  telescope  located 
at  Climax,  Colorado,  at  an  elevation 
of  11,500  feet  above  sea  level,  is 
photoelectrically  controlled. 

A  solar  coronagraph  is  an  astro¬ 
nomical  instrument  devised  in  1930 
by  Dr.  Bernard  Lyot  of  France  for 
the  purpose  of  creating  artificial 
eclipses  of  the  sun’s  bright  disc  to 
permit  photography  of  the  promi¬ 
nences  and  corona  of  the  sun’s  at¬ 
mosphere  for  use  in  basic  astronom¬ 
ical  studies  and  for  forecasting  radio 
propagation  disturbance.  In  any 
such  telescope  it  is  of  utmost  impor¬ 
tance  that  the  image  of  the  sun  be 
accurately  centered  on  the  artificial 
moon  or  eclipsing  disc  located  within 
the  telescope  so  that  none  of  the  in¬ 
tense  light  from  the  sun’s  bright 
face  reaches  the  camera  film  and  thus 
obscures  the  light  from  the  eclipse 
phenomena  under  study. 

The  eclipse  phenomena  are  fainter 
than  the  sun  itself  by  a  factor  rang¬ 
ing  up  to  600,000.  The  accuracy  re¬ 
quired  in  this  telescope-aiming  is  of 
the  order  of  one  second  of  arc.  In 
1940,  shortly  after  the  completion  of 
the  only  coronagraph  in  the  western 
hemisphere,  it  was  decided  that  the 
ideal  control  system  would  be  en¬ 
tirely  automatic,  and  that  the  most 
desirable  automatic  system  would 
undoubtedly  be  photoelectrically  op¬ 
erated  by  the  sun  itself. 
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fig.  3 — (right)  Block  diagram  of  tho  com- 
*  plot*  automatic  lighting  lyitom 

FIG.  2 — (bolow)  Whon  tho  lun'i  imago  is 
proporly  contorod  on  tho  ocUpsing  disc  (A) 
lonr  phototubos  rocoiTo  oqual  illumination. 
Whon  it  is  not  proporly  contorod  (B)  tho 
photohibos  rocoiTO  unoqual  illumination 
and  oiming  motors  oporato  to  restoro  tho 
dosirod  balanco 


main  telescope.  The  guiding  telescope 
has  a  lens  of  small  aperture  but  of 
the  same  focal  length  as  the  main 
telescope  lens,  and  is  located  as  near 
to  the  main  lens  as  conveniently 
possible  on  the  exterior  of  the  main 
telescope.  Flexures  thus  affect  both 
lenses  to  about  the  same  degree. 

The  photograph  of  Fig.  1  shows 
the  coronagraph  with  the  photoelec¬ 
tric  aiming  telescope  mounted  upon 
it.  No  tubing  is  used  for  the  guiding 
telescope  for  the  main  portion  of  its 
,  length.  A  long  light-shield  near  the 
phototubes  serves  the  purpose  with¬ 
out  giving  rise  to  the  disadvanta¬ 
geous  air  currents  which  are  set  up 
in  a  long  narrow  length  of  tubing, 
and  which  can  cause  severe  unsteadi- 
^  ness  in  the  images  of  long,  thin  tele¬ 
scopes. 

X  The  image  of  the  sun  formed  by 
the  guiding  telescope  falls  onto  a 
i  circular  polished  metal  disc  which 
I  obscures  the  bright  face  of  the  sun 
except  for  a  very  narrow  ring  of 
light  at  the  outer  edge,  as  shown  in 
Fig.  2.  Behind  the  metal  disc  are 
located  four  holes  spaced  90  degrees 
apart,  with  the  line  joining  one  pair 
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of  holes  across  the  diameter  of  the 
disc  made  parallel  to  an  east-west 
line  on  the  celestial  sphere,  and  the 
line  between  the  other  pair  parallel 
to  a  north-south  line.  The  amount  of 
light  entering  the  first  pair  of  holes 
is  thus  equal  when  the  sun  is  neither 
ahead  nor  behind  the  telescope  along 
the  east-west  line.  When  the  second 
pair  of  holes  admit  equal  light  the 
telescope  is  properly  aimed  in  declin¬ 
ation.  These  two  coordinates  are  the 
motion  coordinates  of  an  equatorially 
mounted  telescope,  and  so  it  is  neces¬ 
sary  only  to  transform  the  variations 
of  light  behind  these  pairs  of  holes 
into  impulses  to  operate  the  correc¬ 
tion  motors  of  the  equatorially 
mounted  coronagraph  to-  assure 
proper  aiming. 

The  light  from  the  east-west  pair 
of  holes  is  made  to  serve  a  pair  of 
phototubes  operating  in  a  balanced 
amplifier  circuit  which  electronically 
couples  with  the  hour-angle  drive  of 
the  telescope.  If  the  telescope  is  run¬ 
ning  too  slowly,  for  example,  the  sun¬ 
light  will  increase  on  one  phototube 
and  decrease  on  the  other.  This  will 
unbalance  the  circuit  and  actuate  the 
correction  motor  through  the  ampli¬ 
fier,  relays,  and  anti-hunt  unit  shown 
in  the  block  diagram  of  Fig.  3. 

Amplifier  Details 

A  novel  feature  of  the  photoelec¬ 
tric  pickup  unit  is  the  use  of  Lucite 


rods  to  conduct  the  light  from  the 
holes  behind  the  sun-obscuring  disc 
into  the  proper  phototubes,  which  are 
housed  in  lightproof  Bakelite  shields 
as  shown  in  Fig.  4.  The  ends  of  the 
rods  at  the  sun’s  image  were  polished 
smooth,  and  the  ends  at  the  photo¬ 
tube  housings  fine-ground  to  diffuse 
the  light  smoothly  over  the  photo¬ 
sensitive  areas  of  the  phototubes. 

The  complete  electrical  circuit  of 
the  phototube  amplifier  and  relays  is 
given  in  Fig.  5.  One  such  circuit  is 
employed  for  each  coordinate.  The 
operation  is  from  standard  116-volt, 
60-cycle  power  mains,  with  good  sta¬ 
bility  at  all  ambient  temperatures 
and  with  convenient  control  of  sensi¬ 
tivity.  A  6H6  voltage-doubler  recti¬ 
fier  supplies  d-c  for  the  phototubes. 
The  phototubes  act  as  loads  for  each 
other,  and  together  drive  the  type  38 
amplifier  tube  which  has  high  input 
impedance.  Gas  current  to  the  pent¬ 
ode  grid  is  kept  to  a  minimum  by 
keeping  potentials  very  low.  The 
heater  of  the  38  is  operated  at  re¬ 
duced  voltage  to  increase  input 
resistance,  and  is  maintained  posi¬ 
tive  with  respect  to  the  grid  to  reduce 
emission  from  heater  to  grid.  The 
phototubes  and  the  38  tube  were 
carefully  cleaned  at  installation,  and 
then  coated  with  white  ceresin  wax. 
The  leads  from  the  top  caps  of  the 
917,  919,  and  38  were  kept  to  a  mini¬ 
mum  length,  and  were  supported 
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only  at  the  tube  caps  themselves,  relays  are  closed.  An  impulse  is  thus  need  for  correction  of  the  same  direc- 

When  the  unit  is  in  balance,  the  sent  to  the  anti-hunt  units  which  tion.  But  they  have  very  slow  re¬ 
bias  on  the  6J5  triodes  is  such  that  send  suitable  impulses  to  the  cor-  sponse  (eight  seconds)  to  the  irregu- 
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the  current  flowing  through  the  asso¬ 
ciated  relays  is  sufficient  to  close  the 
more  sensitive  5,000-ohm  relay,  but 
not  the  less  sensitive  2000-ohm  relay. 
In  this  condition  the  relays  send  no 
impulses  to  the  anti-hunt  units,  and 
the  telescope  correction  motors  re¬ 
main  at  rest.  When  the  light  in¬ 
creases  on  the  917  phototube,  and  the 
light  decreases  on  the  919  phototube, 
the  bias  on  the  6J5’s  changes  so  that 
the  current  through  the  relays  in¬ 
creases  until  both  are  closed.  If  the 
light  to  the  919  increases  and  that 
to  the  917  decreases,  both  relays 
open.  Figure  6  shows  the  relays  in 
the  condition  produced  by  excess 
light  to  the  917  tube  so  that  both 


rection  motors  of  the  telescope  to 
decrease  the  hour-angle  (or  the 
declination)  until  the  919  once  again 
receives  as  much  light  as  the  917. 

Anti-Hmit  Units 

The  anti-hunt  units  afford  addi¬ 
tionally  desirable  features  to  the 
control  of  the  telescope.  These  units 
were  designed  for  the  purpose  of 
preventing  rapid  correction-motor 
response  to  alternating  impulses 
from  the  two  relays,  while  at  the 
same  time  retaining  rapid  response 
to  repeated  impulses  from  one  of  the 
relays.  The  units  have  nearly  instan¬ 
taneous  response  to  a  consistent  tele¬ 
scope  error  which  shows  the  repeated 


larly  distributed  aiming  errors, 
generally  caused  by  such  factors  as 
fluctuations  in  atmospheric  seeing, 
which  cause  the  sun’s  image  to 
dance  unsteadily  on  the  disc  in  front 
of  the  phototubes. 

The  anti-hunt  units  are  simply 
changeover  switches  driven  by  re¬ 
versible  synchronous  motors.  The 
synchronous  motors  have  a  rotational 
speed  of  one  revolution  per  ten  sec¬ 
onds,  and  a  cam  is  fastened  to  their 
shafts  so  that  it  engages  limit 
switches  after  operation  over  adjust¬ 
able  limits  (usually  set  at  eight  sec¬ 
onds).  As  the  circuit  shows,  when  a 
synchronous  motor  reaches  one  limit 
it  contacts  the  limit  switch,  and  dis¬ 
engages  itself,  at  the  same  time 
changing  over  the  relay  circuit  to 
feed  directly  into  the  telescope  cor¬ 
rection  motor  and  to  operate  this 
motor  in  the  correct  manner.  If 
correction  impulses  are  alternating, 
but  with  pulses  of  one  relay  sustained 
longer  than  pulses  of  the  other,  the 
synchronously  driven  cam  gradually 
drifts  toward  the  limit  of  the  im¬ 
pulse  that  is  sustained  the  longer, 
and  eventually  produces  a  suitable 
impulse  to  the  correction  motor  itself. 


Photographic  Techaiqiie 

As  the  apparatus  is  usually  ad¬ 
justed,  its  overall  sensitivity  is  about 
one  second  of  arc.  Because  of  the 
anti-hunt  units  the  telescope  will  not 
hunt  after  errors  larger  than  one 
second  of  arc  unless  they  persist  for 
eight  seconds  of  time,  or  unless,  on 
the  average,  the  fluctuations  are 
greater  in  magnitude  in  one  direc¬ 
tion  than  in  the  other,  and  unless 
this  greater  average  persists  for  con¬ 
siderably  longer  than  eight  seconds. 

The  correction  motors  themselves 
are  simply  standard  small  a-c  motors. 
The  hour-angle  motor  drives  a  differ¬ 
ential  gearing  unit  in  the  telescope 
mechanism  to  add  or  subtract 
slightly  from  the  main  telescope 
drive  which  consists  of  a  synchro¬ 
nously  driven  worm  gear  which  has 
been  calculated  to  provide  a  telescope 
rate  equal  to  the  average  rate  of 
apparent  motion  of  the  sun  through 
the  sky.  The .  correction  rate  is  ap¬ 
proximately  one-twentieth  the  con¬ 
stant  solar  rate.  The  declination 


FIG.  4 — Harrard  coronagxaphic  talascopa  phototab*  ond  ampUfiar  unit.  Ralays  and 
anti-hunt  units  or*  ramotsly  locotod 
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FIG.  S — Circuit  diagrain  of  ono  of  the  two  photoelectrically  controlled  amplifiers 


motor  drives  directly  into  a  microm¬ 
eter  screw  at  a  rate  of  0.7  rpm  to 
produce  a  rate  of  correction  of  the 
telescope  aiming  of  about  two  sec¬ 
onds  of  arc  in  one  second  of  time. 

When  this  automatic  guider  is  in 
operation  the  telescope  can  be  ad¬ 
justed  by  positioning  the  guiding 
telescope  lens  properly,  at  the  start 
of  a  full-day  run,  and  then  left  un¬ 
tended  thereafter  so  far  as  aiming 
is  concerned.  The  coronagraph  is 
designed  to  take  rapid-sequence  pic¬ 
tures,  at  10-second  intervals,  of  the 
prominences  of  the  sun.  With  the 
guider  in  operation,  the  aiming  of 
the  telescope  is  uniform  from  picture 
to  picture,  so  that  the  films  so  ob¬ 
tained  can  be  projected  in  a  motion 
picture  apparatus  with  good  steadi¬ 
ness.  Fig.  7  shows  a  solar  prominence 
photographed  with  the  automatic 
guider  in  operation. 


highly  accurate  constant-drive  mech¬ 
anisms  or  for  costly  rate-cbrrection 
apparatus.  In  addition,  with  such  a 
drive  we  can  obtain  highly  precise 
telescope  aiming  without  resort  to 
highly  precise  equatorial  mounting 
of  the  telescope.  It  would  be  entirely 
possible  to  provide  a  portable  tele¬ 
scope  mounted  on  a  tripod  with  aim¬ 
ing  of  this  same  order  of  precision. 

We  believe  that  considerable  ad¬ 
vantage  can  be  gained  in  guiding  of 
the  mirrors  of  fixed  horizontal  and 
vertical  tower  telescopes  through  the 


FIG.  6 — Relay  and  anti-hunt  unit  for  one 
coordinate.  Ag  ghown,  the  gynchronoug 
motor  ig  in  counterclockwige  operation  to¬ 
ward  the  left-hand  limit  gwitch  becauge 
excegg  light  on  the  917  phototube  (Fig.  5) 
has  excited  both  relcryg.  When  the  limit  is 
reached  the  motor  will  be  gtopped  and 
then  gtarted  in  the  opposite  direction 

chanical  arrangements  and  of  the 
anti-hunt  units  is  my  own;  the 
phototube  and  amplifier  circuits  were 
drawn  up  by  the  late  James  R. 
Balsley  of  Stamford,  Connecticut. 


FIG.  7 — Photograph  of  a  solar  prominence.  The  white  arc  is  at  the  edge  of  the  sun's 
disc.  The  cloud  of  hydrogen  comprising  the  prominence  stands  out  obore  the  sun's 
limb.  li  the  telescope  wos  not  aimed  with  great  position  the  sun's  face  might  appear 
above  the  black  arc  of  the  eclipsing  disc,  completely  obscuring  the  prominence  by  its 

overpowering  brilliance 


Procticol  Advaetoges 

The  present  units  have  been  in 
intermittent  service  for  about  three 
years  without  need  for  opening  the 
amplifier  case;  the  phototubes  have 
not  even  been  inspected  in  two  years. 
We  have  experienced  no  difficulties 
with  the  operation  of  the  electronic 
equipment,  the  relays,  or  the  syn¬ 
chronous  motors  over  this  period  of 
time,  even  with  the  extreme  range  of 
operating  temperatures  from  —  20  F 
to-t-65F.  * 

Photoelectric  control  of  a  solar 
telescope  eliminates  the  need  for 


use  of  suitably  designed  photoelectric 
controls.  No  efforts  have  been  made 
to  extend  any  of  these  principles  to 
the  control  of  stellar  telescopes.  We 
have  used  the  sun  only,  and  in  this 
application  have  been  aided  by  the 
vast  abundance  of  light  available. 

The  design  of  the  optical  and  me- 


[^TCH 


f  LIMIT. 
^TCM 


lies 


ELECTRONICS  — J«i«  f94« 


103 


REMOTE 


Twenty-four  record,  coin-operated  phonograph  in  which  electronic  circuits  on  the 
upper  shelf  actuate  the  record-changing  mechanism  when  pulses  of  the  proper 
frequency  and  phase  ore  receired  from  remote  wall  boxes 


IN  THE  DESIGN  of  a  remote  record- 
selection  system  for  an  automatic 
phonograph,  the  method  of  using  in¬ 
dependent  radio-frequency  pulses 
transmitted  over  a  coaxial  cable  is 
believed  to  have  definite  advantages 
over  other  systems  of  record  selection 
currently  being  used. 

In  the  course  of  our  development 
work,  the  following  systems  were  an¬ 
alyzed;  the  25  to  30-wire  cable  sys¬ 
tem,  the  step  or  impulse  type  (both 
wired  and  wireless),  and  the  self-bal¬ 
ancing  potentiometer  type.  These 
methods  were  studied  from  the  point 
of  view  of  time  required  to  install, 
replace,  and  maintain  the  equipment, 
mechanical  difficulties,  interference 
between  two  or  more  wall  boxes,  and 
the  amount  and  source  of  current 
required  to  supply  power  to  the  wall 
boxes. 

For  remote  record-selection,  it  was 
decided  to  use  radio  frequencies 
transmitted  from  wall  boxes  over  a 


coaxial  cable  because  it  became  feasi¬ 
ble  to  supply  power  to  the  wall-box 
transmitters  and  lights  and  to  trans¬ 
mit  intelligence  over  the  same  single 
cable.  Although  it  is  possible  to  ac¬ 
complish  this  by  employing  the  115- 
volt  a-c  line,  this  method  has  several 
disadvantages.  It  necessitates  a 
higher  r-f  output  and  there  is  the 
possibility  of  interfering  with  other 
similar  installations.  Also,  installa¬ 
tion  of  a  wall  box  requires  access  to 
a  115-volt  outlet. 

Low-voltage  Line 

The  system  described  overcomes  all 
of  these  problems  and  at  the  same 
time  requires  considerably  less  than 
one  volt  of  r-f  over  its  lines.  In  ad¬ 
dition,  it  solves  the  problem  of  inter- 
w’all-box  interference  in  the  event 
selections  are  made  simultaneously 
from  two  different  points.  By  using 
only  24  volts  to  power  each  w’all  box, 
it  also  removes  the  necessity  of  en- 


By  FRED  M.  BERRY 

Airron  Manufacttiring  Corporation 
Kansas  dtp,  Kansas 


closing  the  cable  system  in  conduits. 

A  block  diagram  of  the  complete 
system  is  shown  in  Fig.  1.  Each  re¬ 
mote  selector  (wall-box  unit)  is  built 
around  a  single  6SN7  tube.  One  tri- 
ode  of  this  tube  is  used  in  a  Colpitts 
oscillator  circuit  to  generate  pulses, 
and  the  other  triode  is  used  as  a 
loosely  coupled  isolation  amplifier. 
This  amplifier  is  coupled  to  the  coax¬ 
ial  line  by  a  small  capacitance.  The 
circuit  of  the  oscillator  and  amplifier 
is  given  in  Fig.  2. 

Phoi**  S*l«ction 

Twelve  frequencies  are  generated 
in  twelve  separate  slug-tuned  oscil¬ 
lator  coils.  These  are  small  universal- 
wound  coils  mounted  on  aluminum 
strips,  there  being  two  strips  of  six 
coils  in  each  wall  box.  The  twelve 
frequencies  make  possible  the  selec¬ 
tion  of  24  records  by  using  envelope 
phase  selection  in  which  only  one 
phase  of  the  60-cycle  plate  voltage  is 
applied  to  the  oscillator-amplifier. 
The  proper  phase  is  determined  by 
the  button  pressed. 

Each  oscillator  coil  in  the  box  is 
connected  to  a  pair  of  pushbuttons. 
Since  the  receiver  discriminator 
tubes  at  the  phonograph  are  powered 
in  the  same  manner  and  from  the 
same  a-c  line,  envelope  phase  selec¬ 
tion  in  the  transmitter  allows  the 
number  of  possible  record  selections 
to  be  twice  the  number  of  separate 
frequencies  used.  The  frequency  sep¬ 
aration  of  adjacent  frequencies  is 
determined  on  a  percentage  basis,  a 
factor  of  approximately  1.07  being 
used  to  determine  each  successively 
higher  frequency. 

Figure  2  shows  the  method  of  line- 
phase  and  oscillator-coil  selection. 
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Rapid  remote  selection  of  records  in  a  phonograph  is  provided  by  employing  a  carrier-cur 
rent  system  in  which  a  wall-box  oscillator  transmits  r-f  pulses  over  its  supply  line  to  discrim¬ 
inator  circuits  in  the  phonograph  cabinet.  Twelve  carrier  frequencies  and  use  of  botli  alter 
nations  of  the  power  line  permit  selection  of  twenty-four  records 


Each  r-f  transformer  consists  of 
two  iron-core  coils.  The  frequencies 
of  the  two  transformers  connected  in 
series  are  purposely  staggered  as 
shown  in  Table  I  so  that  no  interfer¬ 
ence  is  experienced  in  the  tuning  of 
each.  The  output  of  each  trans¬ 
former  feeds  the  two  paralleled  grids 


Pushing  button  1  will  select  oscilla¬ 
tor  coil  L  and  winding  B  of  the  high- 
voltage  secondary  of  the  wall  box 
step-up  transformer.  Pushing  but¬ 
ton  2  will  select  the  same  oscillator 
coil,  but  will  select  winding  A  of  the 
power  transformer. 

When  a  pushbutton  is  pressed,  a 
series  of  A  and  B  phase  pulses  last¬ 
ing  from  0.1  to  0.25  seconds,  depend¬ 
ing  on  the  time  constant  of  the  push¬ 
button  and  coin-operated  relay,  is 
transmitted  over  the  cable.  Pushbut¬ 
tons  are  also  so  interlocked  that  if 
more  than  one  is  pushed  simultane¬ 
ously  at  the  same  wall  box,  only  the 
numerically  lowest  button  will  select 
a  record. 


the  twelve  r-f  transformer  primaries, 
two  primaries  being  connected  in  ser¬ 
ies  in  each  plate  circuit.  Plate  supply 
to  all  amplifier  tubes  is  furnished  by 
the  5Y3  rectifier  tube,  d-c  being  ap¬ 
plied  to  these  tubes  so  that  they  will 
not  discriminate  against  A  and  B 
phased  pulses. 
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Figure  3  shows  a  functional  dia¬ 
gram  of  the  receiver  located  in  the 
phonograph  cabinet.  It  uses  three 
6SL7’s  as  amplifiers,  twelve  6SN7’s 
as  discriminators,  a  5Y3  to  supply 
250  volts  of  d-c  to  the  plates  of  the 
amplifiers,  and  an  884  which  acts  as 
a  bias  resistor  for  the  discriminator 
tubes. 

The  r-f  signals  from  the  wall  box 
pass  through  the  input  autotrans¬ 
former  to  the  grids  of  the  6SL7  dual- 
triode  amplifier  tubes.  The  6SL7 
tubes  function  as  limiters  because  an 
r-f  voltage  to  the  grids  in  excess  of 
the  bias  voltage  permits  the  grids  to 
draw  current  and  allow  the  charging 
of  a  grid  capacitor.  This  swings  the 
bias  of  the  tubes  toward  cut-off  and 
limits  the  amplification  of  the  tube. 
Output  voltage  of  the  amplifier  tubes 
is  therefore  held  at  a  fairly  constant 
level  regardless  of  signal  input  level. 

The  six  plates  of  the  amplifier  tube 
section  are  connected  individually  to 
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FIG.  1 — Stages  of  the  automatic  phonograph  system  are  shown  in  this  block  diagram 
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FIG.  2 — Complete  circuit  of  one  wall  box  used  as  a  record  selector.  The  Colpitts 
oscillator  and  amplifier  transmit  pulses  over  a  coaxial  cable  back  to  the  phonograph 
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of  a  6SN7  discriminator  tube. 

Each  discriminator  tube  functions 
as  a  plate  rectifier  and  an  r-f  voltage 
appearing  on  the  grids  of  the  tube 
causes  plate  current  to  increase  pro¬ 
vided  the  alternating  plate  voltage  is 
positive  at  that  time.  The  plate  cir¬ 
cuits  of  the  6SN7  tubes  are  connected 
through  individual  relays  to  the  op¬ 
posite  ends  of  the  500-volt  winding 
on  the  power  transformer,  the  center 
tap  being  at  ground  potential.  Each 
end  of  this  winding  is  bypassed  to 
ground  for  r-f. 

Discriminator  Action 

An  r-f  signal  from  the  wall  box 
is  admitted  by  all  amplifier  tubes  but 
eventually  coupled  into  the  grids  of 
only  one  of  the  6SN7  tubes.  This  ac¬ 
tion  is  obtained  by  the  frequency  dis¬ 
crimination  of  the  filters,  the  6SN7 
tube  being  energized  depending  on 
the  frequency  selected  at  the  wall 
box.  If  r-f  energy  is  supplied  to  the 
two  grids  of  the  discriminator  tube 
and  d-c  potential  applied  to  the  plates 
of  this  tube,  the  relays  in  both  plate 
circuits  would  be  energized.  How¬ 
ever,  because  the  two  plates  of  the 
discriminator  tube  are  supplied  from 
opposite  sides  of  the  power  trans¬ 
former  winding,  at  the  instant  that 
one  plate  is  positive  the  other  plate 
will  be  negative.  If  an  r-f  signal  ar¬ 
rives  at  the  time  when  the  plate  is 
negative,  no  current  will  be  drawn 
by  its  corresponding  relay. 

Because  the  signal  from  the  wall 
box  is  generated  by  an  r-f  oscillator 
with  alternating  plate  voltage,  the 
r-f  energy  consists  of  a  series  of 


Table  I — Wall-box  Frequencies 


Records 

Oscillator 

Coil 

K  ilocycles 

1-2 

1 

149 

3-  4 

2 

212 

r>-  6 

3 

179 

7-  8 

4 

253 

9-10 

5 

159 

11-12 

6 

225 

13-14 

4 

189 

15-16 

8 

269 

17-18 

9 

169 

19-20 

10 

239 

21-22 

11 

200 

23-24 

12 

289 

pulses  lasting  for  1/120  second  each 
and  spaced  from  each  other  by  the 
same  period.  These  pulses  will  be  in 
time  phase  with  the  plate  voltage 
supplied  to  one  discriminator  plate 
and  will  be  out  of  phase  with  the  volt¬ 
age  at  the  opposite  plate.  The  polar¬ 
ity  or  phase  of  the  a-c  is  chosen  in  the 
wall  box  by  the  pushbutton  switches, 
the  odd-numbered  buttons  being  of 
one  phase  and  the  even-numbered 
buttons  being  of  the  opposite  phase. 
Thus  the  selection  of  the  discrimin¬ 
ator  plate  that  draws  current  depends 
on  the  phase  of  the  voltage  at  the 
wall  box. 

All  discriminator  tube  cathodes  are 
connected  to  the  plate  of  an  884  gas 
tube  that  acts  as  a  cathode  bias  re¬ 
sistor.  The  voltage  drop  across  the 
884  tube  remains  constant  regardless 
of  the  amount  of  current  flowing  and 
thus  remains  independent  of  the 
number  of  discriminator  tubes  draw¬ 
ing  current  at  one  time.  The  action 


of  the  884  used  in  this  manner  is 
similar  to  the  more  commonly  used 
voltage-regulator  tubes.  The  884 
tube,  however,  has  a  constant  voltage 
drop  of  14  volts  which  is  the  correct 
bias  for  the  discriminator  tubes. 

Advootogos 

The  principal  advantages  of  this 
system  follow: 

Independent  and  non-interacting 
selection  is  made  possible  from  any 
one  of  several  wall  boxes.  Though 
all  wall  boxes  are  paralleled  on  the 
same  coaxial  circuit,  the  amplifier 
stage  in  each  box  effectively  isolates 
each  oscillator.  No  attempt  is  made 
to  match  wall-box  output  to  the  line 
itself  as  the  addition  or  removal  of 
wall  boxes  on  the  circuit  would  then 
change  the  line  loading.  Because  the 
receiver  is  quite  sensitive,  more  than 
sufficient  power  is  sent  over  the  line 
even  though  the  wall  boxes  are  not 
exactly  matched  with  the  line. 

This  system  is  well  shielded  from 
external  interference  and  causes  no 
interference  with  other  systems. 
Since  selection  can  be  made  with  con¬ 
siderably  less  than  one  volt  of  r-f, 
radiation  is  held  to  an  absolute  min¬ 
imum. 

Mechanical  motion  and  the  ensuing 
possibility  of  mechanical  failure  are 
eliminated  because  no  motors  or  step 
relays  are  necessary.  The  pushbutton 
itself  is  the  only  moving  part  in  the 
wall  box;  the  record-selector  relay 
and  its  accompanying  solenoid  are  the 
the  only  moving  parts  at  the  receiver. 

Other  Componeets  of  the  Machine 

The  record  changer  holds  twenty- 
four  records  mounted  vertically  in 
the  magazine.  Mechanical  selection 
of  records  is  automatically  made  by 
the  record  magazine  sliding  along 
two  parallel  glide-rods  and  position¬ 
ing  the  selected  record  opposite  a 
delivery  arm  which  swings  back  and 
places  the  record  in  the  play  ring. 
The  record  plane  then  turns  through 
a  90  degree  arc,  bringing  the  record 
up  to  the  pickup. 

Noise  monitoring  is  accomplished 
by  varying  bias  on  the  amplifier  in 
accordance  with  the  external  ambient 
noise  level  as  sampled  continuously 
by  a  microphone  placed  anywhere  in 
the  room.  Means  are  provided  to  ad¬ 
just  the  sensitivity  of  the  pickup 
amplifier  or  to  disable  it  completely 
if  circumstances  demand. 


FIG.  3 — SimpUfiod  roceiTor  circuit  in  the  phonograph.  Ten  odditionol  6SN7  tubes 
(not  shown)  ore  fed  by  the  remaining  plates  of  the  6SL7's  limiting  omplifiers  so  that 
each  6SL7  plate  actuates  four  selections.  The  circuits  of  the  other  ten  discriminators 
are  similar  to  those  shown  here  but  are  tuned  to  the  other  frequencies  shown  in 
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Magnetostriction  used  in  tor-  small  and  has  been  designed  to  be  been  assumed  as  obvious  that  a  sta- 
sion  is  the  basis  for  a  new  type  contained  in  a  cartridge  smaller  in  tion  system  is  only  as  good  as  its 
of  phonograph  pickup.  This  phono-  size  than  the  standard  cartridges  sur-  input  equipment;  the  torsional  mag- 
graph  pickup  design  permits  low  rounding  piezo-electric  elements.  netostriction  pickup  has  been  de- 

needle-point  pressures  in  a  unit  hav-  The  new  system,  applied  to  phono-  signed  accordingly.  Its  frequency  re- 
ing  inherently  wide  frequency  re-  graph  pickup  design,  results  in  a  unit  sponse  and  distortion  are  such  that, 
sponse  and  low  generating  harmonic  particularly  adaptable  to  the  repro-  with  simple  compensating  networks, 
distortion.  The  resulting  pickup  ele-  duction  expected  from  f-m  broadcast-  these  standards  are  fully  satisfied.  It 
ment  has  substantially  uniform  char-  ing  stations.  The  pickup  has  been  is  to  be  noted  that  most  available  re- 
acteristics  over  the  frequency  range  designed  to  fall  within  Standards  of  cords  and  many  transcriptions  are 
of  30  to  10,000  cycles,  except  for  the  Good  Engineering  Practice  Concern-  incapable  of  utilizing  the  response 
normal  falling-off  in  low  frequency  ing  F-M  Broadcasting  Stations  es-  capabilities  of  the  pickup  but  it  is 
response  below  400  cycles  due  to  the  tablished  by  the  Federal  Communi-  hoped  that  there  will  be  an  improve- 
transition  from  constant  velocity  cation  Commission  on  September  20,  ment  in  record  quality  to  take  advan- 
to  constant  amplitude  recording  of  1945.  Although  Section  8  of  these  tage  of  the  possibilities  in  low-priced 
most  records  below  this  frequency,  standards  does  not  mention  phono-  high  quality  instruments  available  to 
The  pickup  unit  itself  is  extremely  graph  reproducers  specifically,  it  has  the  general  public  as  well  as  to  the 
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Small  moving  mass,  low  distortion,  wide  frequency  response,  and  ruggedness,  are  obtained 
in  a  phonograph  pickup  operating  on  leakage  flux  in  a  torsional  magnetostriction  system. 
Principle  of  operation,  design,  and  characteristics  of  pickup  are  described 


Ports  of  torsional  mognstostriction  pickup  fit  into  small  cartridge  shown  at  the  left 

Torsional 

Magnetostriction  Pickup 


professional  radio  broadcasters. 

The  torsional  magnetostriction  pho¬ 
nograph  pickup,  because  there  are  no 
discreet  ferromagnetic  masses  mov¬ 
ing  in  flux  gaps,  is  extremely  rugged 
and  will  withstand  considerable 
abuse  in  handling.  The  pickup  will 
also  withstand  high  ambient  temper¬ 
atures  and  humidities  without 
change  in  operating  characteristics. 


element  of  the  nickel  wire  is  sub¬ 
jected  to  an  initial  strain. 

Figure  2A  is  a  sketch  of  a  torsional 
member  subjected  to  an  initial  fixed 
torsional  strain.  Each  formerly 
straight-surface  element  has  been 
twisted  to  form  a  space  helix  due  to 
displacement  through  an  angle  6.  This 
initial  strain  moves  the  operating 
point  for  the  torsional  magnetostric¬ 
tion  element  to  the  point  A  shown  on 
the  characteristic  of  Fig.  lA.  Any 
small  angle  of  rotation  about  the 
fixed  angle  will  produce  a  linear  var¬ 
iation  of  flux  in  the  wire.  Figure  2B 
shows  the  torsional  member  subjected 
to  an  instantaneous  strain  d6  at  its 
center  such  as  is  produced  by  a  typi¬ 
cal  stylus  mounted  in  a  practical 
pickup.  Any  displacement  due  to 
stylus  motion  as  shown  will  further 
stress  those  elements  to  the  left  of 
the  stylus  an  additional  angle  dO  and 
will  relieve  the  elements  to  the  right 
of  the  stylus  by  an  equal  and  opposite 
angle  dO.  In  the  magnetic  field,  this 
action  is  translated  into  an  increase 
of  leakage  flux  in  one-half  of  the  wire 
at  the  same  time  leakage  flux  is  de¬ 
creased  in  the  other  half. 


Magnetostriction  Principie 

The  principle  upon  which  this 
pickup  is  based  is  the  variation  of 
magnetic  reluctance  in  a  magneto- 
strictive  wire,  rod,  or  tube,  when  such 
a  member  is  subjected  to  torsional 
stress  in  the  presence  of  a  magnetic 
field.  When  the  magnetostrictive 
wire  is  twisted  about  its  own  axis 
in  a  magnetic  field,  the  curve  shown 
in  Fig.  lA  results.  It  is  to  be  seen 
from  this  curve  that  as  torsional 
strain  is  increased  in  either  direction, 
flux  density  in  the  element  increases 
without  regard  to  the  sign  of  the  ap¬ 
plied  stress.  It  is  also  to  be  seen  that 
the  total  resulting  curve  of  magneto- 
^fcrictive  flux-change  as  a  function  of 
strain  resembles  a  hysteresis  curve 
bent  backw’ard  upon  itself  so  that  the 
portion  normally  recorded  in  the 
third  quadrant  appears  in  the  second. 
It  is  clear  from  this  discussion  that 
it  is  necessary  under  the  aforemen¬ 
tioned  conditions  to  polarize  the  me¬ 
chanical  stress  in  the  magnetostric¬ 
tion  element  if  one  desires  to  obtain  a 
linear  relationship  of  electrical  out¬ 
put  as  a  function  of  the  mechanical 
input. 

It  is  interesting  to  note  a  modifica¬ 
tion  in  the  magnetostriction-torsion 
relationship  if  one  applies  tension  as 
well  to  the  magnetostrictive  element 
undergoing  torsion.  If  the  magneto¬ 
striction  element  is  subjected  to  sta¬ 
tic  tension,  then  the  very  first  twist¬ 
ing  motion  of  the  torsional  element 
establishes  a  magnetic  polarization 
in  such  a  way  that  the  resulting  re¬ 
lationship  between  flux  density  and 
torsional  strain  behaves  according  to 
the  curves  shown  in  Fig.  IB.  This 
figure  shows  the  left-hand  or  second- 
quadrant  half  of  the  curve  beginning 
to  fold  down  into  the  third-quadrant 
under  applied  tension.  Ultimately,  a 
linear  relationship  results  when  the 
tension  applied  to  the  wire  reaches  a 
critical  value,  equal  to  7.82  kilograms 
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Coil  Location 

The  problem  is  to  use  these  flux 
changes  to  produce  the  required 
output  from  this  type  of  torsional 
magnetostriction  pickup.  Mounting 
two  coils  upon  each  of  the  two  halves 
of  the  wire  in  a  condition  which  would 
normally  be  described  as  series  op¬ 
posing  produces  an  addition  of  volt¬ 
age  due  to  the  above  described  type 
of  displacement  caused  by  the  stylus. 
Clearly,  a  displacement  in  opposite 
hand  will  produce  equal  and  opposite 
effects  to  those  shown  in  Fig.  2B.  The 
coils  are  thus  connected  in  such  fash¬ 
ion  that  distortion  of  the  wire  com¬ 
mon  to  both  coils  will  cancel.  Push- 
pull  connection  has  the  additional 
virtue  of  eliminating  even-order  har¬ 
monic  distortion.  This  fact  has  been 
found  to  aid  materially  in  the  overall 
distortion-free  character  of  the 
pickup. 

The  nickel  wire  has  its  pickup 
coils  integrally  wound  upon  it.  The 
stylus  is  fixed  to  its  center.  The  ends 
of  the  nickel  wire  are  bent  over  and 
so  positioned  in  angle  that,  when  in¬ 
serted  into  two  parallel  slots  in  the 
ends  of  the  magnet,  an  initial  torque 


AN01.E  OF  TW»T  IN 


FIG.  1 — (A)  Flux  in  magnetic  bar  changes 
when  it  is  twisted.  (B)  If  the  bar  is  under 
tension  while  being  twisted,  it  becomes 
magnetically  polarised 


per  square  millimeter  of  cross-sec¬ 
tion. 

Pickup  Design 

In  the  design  of  the  torsional  mag¬ 
netostriction  pickup,  it  was  decided 
to  use  the  first  mentioned  method  of 
operation ;  namely,  torsion  in  the  ab¬ 
sence  of  static  tension,  but  to  use 
static  torsion.  A  magnetostrictive 
wire,  20-mil  nickel,  is  passed  between 
the  two  poles  of  a  horseshoe  magnet. 
Two  pickup  coils  consisting  of  100 
turns  each  are  wound  about  the  two 
halves  of  the  torsional  member.  The 
stylus  projects  from  the  nickel  wire 
between  the  two  pickup  coils.  The 
wire  is  given  an  initial  mechanical 
strain  by  twisting  it  within  its  elastic 
limits  and  then  fixing  it  rigidly  at 
the  two  magnetic  poles.  Thus,  each 
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is  produced  upon  the  torsional  ele¬ 
ment.  The  assembled  pickup  is  then 
inserted  into  the  Bakelite  case  to 
form  the  finished  pickup  cartridge. 

Figure  3  shows  the  frequency  re¬ 
sponse  characteristic  of  the  pickup. 
There  are  no  sharp  resonances  and 
the  curve  has  the  normal  form  pecu¬ 
liar  to  all  velocity-sensitive  elements 
when  played  upon  RCA  test  record 
No.  84522-A. 


magnetostriction  torsion  pickup  has 
certain  qualitative  effects  which  are 
worthy  of  note.  Because  many  phono¬ 
graph  records  are  recorded  with  a 
frequency  range  far  poorer  than  the 
capabilities  of  the  pickup,  it  is  desir¬ 
able  to  use  simple  low-pass  filters  at 
the  output  of  the  coupling  trans¬ 
former  when  playing  poor  records.  A 
mechanical  high  frequency  cut-off 
has  not  been  built  into  the  present 

pickup  because  it  is  the  writer’s  con- 

Pich.p  Charac*.ri.ti«  ^ 

It  is  interesting  to  observe  that  this  quency  response  characteristic  for  a 
pickup  operates  upon  leakage  flux  due  particular  condition,  it  is  better  to 
to  flux  leaving  the  magnetostrictive  modify  temporarily  the  overall  char- 
wire  in  the  vicinity  of  its  center,  near  acteristics  of  a  wide  frequency  re- 
the  stylus.  This  mode  of  operation 
has  been  found  to  produce  sufficiently 
high  electrical  output  level  and  has 
certain  specific  advantages  compared 
with  other  designs.  The  center  space 
of  the  magnet  is  occupied  by  damping 
material  which  serves  to  critically 
damp  the  pickup  at  its  resonant  point, 
which  is  in  the  vicinity  of  10,000 
cycles.  With  this  critical  damping 
of  the  vibrating  member,  high  fre¬ 
quency  response  of  the  unit  itself  is 
extended  with  a  loss  of  about  8  db  to 
15,000  cycles.  A  well  designed  trans¬ 
former  will  extend  the  range  of  the 
pickup  beyond  15,000  cycles.  The 
writer  has  not  been  able  to  obtain 
records  cut  with  such  frequencies  for 
the  purpose  of  quantitative  measure¬ 
ment.  It  is  hoped  that  such  tests  can 
be  made  in  the  not  too  distant 
future. 

The  wide  frequency  response  of  the 


of  extremely  wide  frequency  re¬ 
sponse. 

One  of  the  features  of  the  present 
design,  due  to  the  fact  that  the  coils 
are  wound  integrally  upon  the  tor¬ 
sional  member,  is  its  freedom  from 
pickup  of  hum  or  other  electrical 
pickup  from  outside  sources.  Due  to 
the  extremely  small  diameter  of  the 
coils  themselves  and  to  the  fact  that 
the  coils  are  in  series  opposition  to 
external  fields,  pickup  of  undesired 
signals  is  reduced  to  a  minimum,  an 
advantage  in  low  level,  low  imped¬ 
ance  magnetic  circuit. 

The  torsional  magnetostriction 
pickup  fills  a  very  definite  gap  in  the 
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FIG.  3 — Pickup  response  as  measured  on  a  test  record 


sponse  pickup  than  to  destroy  its 
characteristics  permanently  so  that 
very  good  records  cannot  be  enjoyed 
to  their  fullest  extent. 


phonograph  field  due  to  its  frequency 
response,  ruggedness,  freedom  from 
distortion  and  ability  to  operate  in 
humid,  hot,  or  noisy  locations. 

Experiments  have  been  made 
which  demonstrate  that  the  torsional 
magnetostriction  element  operates 
successfully  as  a  recording  element 
as  well  as  a  pickup  device.  In  this 
case,  because  positive  drive  is  re¬ 
quired,  a  modified  construction  in 
which  the  torsional  member  is 
mounted  in  a  bearing  attached  to  a 
third  or  middle  leg  is  necessary.  Ex¬ 
perimental  models  show  consider¬ 
able  promise. 

The  writer  wishes  to  express  his 
grateful  acknowledgement  for  the 
invaluable  assistance  of  Edwin  E. 
Turner,  Jr.,  without  whose  aid  a 
considerable  amount  of  the  work 
done  would  have  been  impossible^ 
and  to  express  his  gratitude  to  Tobe 
Deutschmann,  for  sponsoring  the 
development  program  which  has  led 
to  the  production  of  this  pickup. 


Mechanical  Features 

The  needle-point  mass  of  the  tor¬ 
sional  magnetostriction  pickup  is  ex¬ 
tremely  low,  due  to  the  fact  that, 
except  for  the  stylus  itself  which  is 
extremely  light,  all  other  members 
move  in  torsion.  The  effective  mass 
at  the  stylus,  due  to  the  fact  that  the 
torsional  element  approximates  a 
properly  terminated  transmission 
line,  is  due  almost  entirely  to  the 
stylus  itself  and  in  the  present  case, 
results  in  weight  at  the  needle  point 
of  27  grams,  for  good  tracking  with 
even  badly  warped  records.  It  may 
be  remarked  at  this  time  that  the  tor¬ 
sional  member  operates  as  a  contin¬ 
uous  mechanical  network  having  dis¬ 
tributed  mass  and  stiffness,  which 
makes  a  tractable  structure  easy  to 
manufacture,  and  inherently  capable 


flG*  2 — ^Magnetrostriction  bar  is  given  a 
permanent  torque  (A)  about  which  the 
stylus  twists  it  (B) 


ELECTRONICS  -  June  1946 


Photoelectric  Controls 


..«t08t0WR*’v  i 


A  PHOTOFLOOO 
^ - LAliP 


TYI»f  WO  *  \ 
PHOTOTUBE  y 


type  929 
"PHOTOTUBE 


COBHtNe  - 
AKLO  GLASS 


ULTRAVIOLET 

ABSORBING 

FILTER 


COATED 

CONDENSERS 


FILTER  PACK 


CARRIER 


TYPE  929 
PHOTOTUBE 


.COLOR 

transparency 


PRISM  /  \ 


LENS 


FLASHED  IJ 

OPAL---*'} 

FILTERS--* 


V-PROJECTED  image  ON 
PRINTING  MATERIAL 


SmiTTER 


Automatic  printing  machine  for  making  color  prints  from  color  transparencies,  with  diagram  identiiying  essential  interior  features 


The  production  of  color  prints  of  processing,  and  were  completely 

uniform  quality  requires  ex-  adaptable  to  a  coordinated  system  of 

ceedingly  precise  control  of  every  control  operations, 

variable.  Furthermore,  color  print¬ 
ing  on  a  low-cost,  mass-production 
basis  demands  high-speed  operating 
methods. 

Proof  that  many  color  printing 
problems  can  be  solved  by  electronic 
devices  is  the  fact  that  our  New 
York  plant  is  able  to  produce  at  least 
20,000  color  prints  in  a  normal  work¬ 
ing  day.  Electronic  applications  per¬ 
mitted  the  construction  of  white- 
light  operated  printing  machines, 
eliminating  the  necessity  for  slow 
and  uncertain  darkroom  methods 
customarily  employed  throughout 
the  industry.  Electronic  methods  as¬ 
sured  a  high  degree  of  accuracy  in 
various  steps  of  print  exposure  and 


the  fact  that  the  color  print  is  a  sec¬ 
ond-generation  color  reproduction,  re¬ 
quiring  that  the  color  quality  of  the 
exposing  source  be  variable  for  opti¬ 
mum  results  in  the  finished  product, 
but  closely  controllable  at  any  varia¬ 
tion  from  normal.  For  a  given  emul¬ 
sion,  color  compensating  filters  are 
employed  to  adjust  the  normal  color 
quality  of  the  exposing  source  to  the 
color  balance  of  the  material.  This 
establishes  conditions  for  printing 
all  transparencies  of  visually  satis¬ 
factory  color. 

In  printing  transparencies  that 
appear  faulty  in  color,  it  is  desirable 
to  have  a  means  for  rapidly  chang¬ 
ing  the  color  quality  of  the  exposing 
source  for  color  correction  purposes. 
Most  of  the  required  color  quality  al¬ 
terations  encountered  can  be  made 


Basic  Requirements  in  Color  Printing 

In  producing  direct  color  prints 
from  positive  color  transparencies  a 
reversible-type  sensitized  printing 
material  (Ansco  Color  Pr inton)  is 
used,  and  unlike  making  black-and- 
white  prints  from  film  negatives, 
only  one  contrast-grade  of  material 
is  available.  Moreover,  mass  produc¬ 
tion  requires  continuous  processing 
where  exposure  errors  of  individual 
prints  cannot  be  compensated  by  var¬ 
iations  in  developing  times.  These 
inherent  limitations  mean  that  expo¬ 
sure  latitude  is  virtually  nonexistent. 

The  necessity  for  a  high  order  of 
exposure  accuracy  is  complicated  by 
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for  COLOR  PRINTING 


By  J.  ROBINS  and  L.  E.  YARDEN 

Director  of  Electronics  Technical  Director 

Parelle  Color  Incorporated 
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Analysis  of  problems  involved  in  turning  out  high-quality  photographic  color  prints  on 
a  mass-production  basis.  Details  of  photoelectric  circuits  used  in  one  large  plant  to  control 
color  temperature  and  exposure  time  automatically  and  to  monitor  the  second  exposure 


by  known  changes  in  lamp  color 
temperature,  providing  the  color 
temperature  is  controlled  at  each 
level  employed.  Color  correction  by 
this  means  is  entirely  reliable  for 
over-bluish  or  over-yellowish  trans¬ 
parencies,  and  has  a  significant  speed 
advantage  over  the  use  of  additional 
optical  filters. 

Both  a  positive  silver  image  and  a 
positive  color  image  are  produced 
simultaneously  in  a  second  developer, 
known  as  the  color  developer.  For 
proper  color  development  the  sensi¬ 
tized  material  must  be  thoroughly 
second-exposed,  but  in  a  continuous 
processing  method  the  web  of  sensi¬ 
tized  material  moves  continuously 
from  one  solution  to  the  next  at  a 
relatively  high  rate  of  speed,  and  it 
is  not  desirable  to  pass  the  web  out 
of  solution  for  any  appreciable  dis¬ 
tance  for  giving  the  second  exposure. 
Therefore,  second  exposure  must  be 
made  by  means  of  high-intensity 
sources  during  as  short  a  time  inter¬ 
val  as  possible. 

Design  of  Color  Printer 

Electronic  methods  made  possible 
the  design  of  a  white-light  operated 
color  printing  machine  that  is  al¬ 
most  completely  automatic  in  oper¬ 
ation.  The  sensitized  material  has 
an  opaque  leader  and  trailer  attached 
to  it  and  is  wound  on  a  flanged  metal 
spool.  The  spool  is  loaded  into  the 
printer  in  white  light  and  the  opaque 

I>oadlnq  end  of  doTeloping  machine,  show¬ 
ing  how  exposed  material  is  spliced  onto 
the  mochine  leader.  Material  is  first  run 
through  a  series  of  black-and-white  derel- 
oping  tanks,  then  giren  a  second  exposure, 
nm  through  another  series  of  tanks  for 
color  doTeloping  and  processing,  and 
finished  prints  ore  finally  dried  by  travel 
between  bonks  of  infrared  lamps 


leader  is  threaded  through  the  ma¬ 
chine  to  a  takeup  spool.  After  clos¬ 
ing  both  end  doors  a  motor  drive 
turns  the  takeup  spool,  winding  up 
the  leader  until  the  sensitized  mate¬ 
rial  is  brought  in  position  for  the 
first  exposure.  A  switch  engages  in  a 
notch  placed  on  the  leader  at  the 
proper  spacing  to  stop  the  wind-up 
before  any  sensitized  material  is 
drawn  past  the  exposing  position. 

The  rolls  now  used  are  5  inches 
wide  and  250  feet  long,  providing 
for  about  950  3x4i-inch  prints  or 
400  4ix6i-inch  prints.  The  printers, 
however,  are  made  to  take  widths 
up  to  12  inches. 

Operation  of  Printer 

Transparencies  are  inserted  in  the 
carrier,  which  is  manually  pushed 
into  position.  A  numbered  card  ac¬ 
companies  each  order  and  this  is 


placed  in  a  slot  which,  at  the  proper 
time  during  the  printing  cycle,  is 
illuminated  by  a  small,  enclosed  lamp. 
A  lens  and  prism  system  optically 
directs  the  number  to  the  printing 
material  to  expose  the  identifying 
order  number  on  the  outer  edge  of 
each  print. 

A  selector  dial  is  manually  posi¬ 
tioned  for  the  number  of  prints  re¬ 
quired  from  the  particular  transpar¬ 
ency.  The  selector  dial  provides  for 
any  number  of  prints  up  to  fifteen. 
More  than  fifteen  prints  can  be  .made 
by  disengaging  the  stepper  relay  sys¬ 
tem  and  noting  the  number  of  prints 
on  an  automatic  counter. 

For  making  the  exposure  the  op¬ 
erator  first  presses  two  switches,  one 
for  a  predetermined  lamp  voltage 
and  the  other  for  a  predetermined  ex¬ 
posure  correction.  A  “start”  button 
is  then  pressed  and  the  exposure  is 
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FIG.  1 — Circuit  of  electronic  timing  system  for  proper  exposure  of  color  printing  paper  through  color  transparency.  Rectifier  tube  is  type  80 


timed,  beginning  with  the  opening 
of  a  solenoid-operated  shutter  and 
ending  when  proper  timing  is  meas¬ 
ured  by  a  phototube  system.  When 
the  shutter  closes,  the  printing  ma¬ 
terial  is  automatically  transported  to 
the  next  position,  and  in  the  case  of 
a  single  print  from  a  transparency 
the  carrier  is  released  and  auto¬ 
matically  returns  to  its  loading  posi¬ 
tion.  If  the  selector  dial  is  set  for 
tw’o  or  more  duplicate  prints,  the 
transparency  carrier  remains  in  its 
printing  position  until  after  the  last 
print  called  for  by  the  selector  dial 
is  exposed. 

At  the  end  of  a  total  printing  cy¬ 
cle,  when  the  carrier  is  released,  the 
control  panel  automatically  clears  in 
readiness  for  the  subsequent  trans¬ 
parency  to  be  printed.  The  control 
panel  can  be  cleared  also  by  means 
of  a  reset  button  if  an  error  is  made 
by  the  operator  in  originally  press¬ 
ing  the  switches. 

When  an  entire  roll  of  sensitized 
material  has  been  exposed  a  switch 
lever  engages  in  a  notch  cut  in  the 
trailer  at  the  proper  spacing,  where¬ 
upon  the  motor  drive  winds  the  ma¬ 
terial  onto  the  take-up  spool.  The 
wind-up  stops  before  the  trailer  is 
pulled  completely  through  the 
printer,  by  means  of  a  long-arm 
switch  which  rests  on  the  back  side 
of  the  web  at  the  take-off  end.  When 


the  trailer  flies  loose  from  the  spool 
the  switch  arm  is  no  longer  held  in 
position  by  the  taut  material.  The 
trailer  left  in  the  machine  is  used 
for  attaching  the  leader  of  a  new 
roll  of  material. 

Exposure  Timing  Circuit 

The  exposure  time  required  to 
print  any  given  transparency  prop¬ 
erly  is  determined  electronically 
during  the  exposure  itself.  A  small 
part  of  the  light  passing  through  the 
transparency  is  directed  onto  a  tjrpe 
929  phototube  by  means  of  a  prism 
and  focusing  lens,  and  the  integrated 
phototube  current  dissipates  a  volt¬ 
age  charge  across  capacitor  C,  in 
series  with  the  phototube  by  means 
of  the  circuit  shown  in  Fig.  1.  The 
time  interval  for  dissipating  this 
charge  depends  upon  the  average 
density  of  the  transparency  and 
upon  the  value  of  the  charging  volt¬ 
age  applied  to  the  capacitor  prior  to 
the  start  of  the  timing  cycle.  The 
correct  charging  voltage  for  each 
transparency  is  determined  electron¬ 
ically  beforehand  in  an  electronic 
coder  that  measures  the  ratio  of  the. 
density  of  the  most  important  por¬ 
tion  of  the  transparency  to  the  av¬ 
erage  over-all  density. 

In  the  circuit  of  Fig.  1,  all  relays 
are  shown  deenergized,  as  they  are 
when  the  line  switch  is  open.  Closing 


this  switch  energizes  the  full-wave 
power  pack  and  the  heater  circuits  of 
the  2050  thyratron  and  the  6F5G 
tube  in  the  phototube  system,  but  no 
plate  voltages  are  applied  because 
the  delay  relay  is  still  open.  After  a 
delay  of  about  20  seconds  the  ther¬ 
mal  delay  switch  closes  and  operates 
the  delay  relay,  thereby  completing 
the  plate  supply  circuit.  This  relay 
also  has  its  own  holding  contacts, 
and  an  additional  pair  of  contacts  to 
disconnect  the  thermal  switch. 

On  standby  (in  between  expo¬ 
sures),  the  starting  switch  is  closed 
and  the  2050  thyratron  is  conducting, 
so  that  relays  Pi  and  P,  are  ener¬ 
gized,  the  shutter  is  closed,  and  ca¬ 
pacitor  Cl  is  being  charged  through 
the  series  resistance  determined  by 
the  coder  to  give  the  correct  charg¬ 
ing  voltage  for  the  next  transpar¬ 
ency. 

When  an  exposure  is  to  be  made, 
the  starting  switch  is  opened  momen¬ 
tarily.  This  opens  the  two  relays, 
thereby  opening  the  shutter  and  iso¬ 
lating  the  phototube  circuit  from  the 
charging  source,  and  at  the  same 
time  altering  the  2050  bias  so  it  be¬ 
comes  nonconducting  and  the  relays 
cannot  reclose  when  the  starting 
switch  drops  back  to  its  closed  posi¬ 
tion.  Capacitor  Ci  now  discharges 
through  the  phototube  at  a  rate  pro¬ 
portional  to  illumination  and  the  ini- 
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FIG.  2 — Cross-section  oi  coder,  showing 
locations  oi  the  two  phototubes  employed 
to  obtain  the  density  ratio  required  ior  a 
satisfactory  print.  Each  transparency  is 
inserted  in  this  coder  beiore  it  goes  to  the 
color  printer 

tial  charging  voltage,  until  Ci  has  dis¬ 
charged  to  the  point  where  the  2050 
again  becomes  conducting.  Now  the 
relays  pull  in,  closing  the  shutter  to 
terminate  the  exposure,  advancing 
the  paper  one  step,  and  recharging  C, 
in  readiness  for  the  next  exposure. 

The  6F5G  tube  in  the  timing  cir¬ 
cuit  is  merely  a  resistance  trans¬ 
former,  since  it  transfers  its  signal 
from  the  high-resistance  load  of  the 
phototube  to  the  comparatively  low- 
resistance  grid  circuit  of  the  2050 
tube.  Grid  emission  is  reduced  by 
inserting  15  ohms  in  the  heater  cir¬ 
cuit  of  the  6F5G,  and  instead  of  op¬ 
erating  the  anode  at  a  low  potential, 
which  is  commonly  done  in  buffer 
stages,  the  anodes  of  both  the  6F5G 
and  929  tubes  are  operated  at  250 
volts  to  acquire  the  necessary  sensi¬ 
tivity.  Over  long  test  periods  it  has 
been  found  that  stable  characteris¬ 
tics  can  be  maintained  even  though 
the  anode  voltage  of  the  929  is  made 
as  high  as  250  volts,  providing  the 
6F5G  anode  is  operated  at  the  same 
potential  as  the  929. 

To  further  assure  accurate  timing 
it  was  found  necessary  to  regulate 
the  charging  voltage.  This  is  accom¬ 
plished  by  a  VR-150  which  regulates 
only  that  portion  of  the  circuit  in¬ 
volved  in  the  charging  voltage  oper¬ 
ation. 


It  is  necessary  to  be  able  to  change 
the  time  integral  of  the  circuit  for  a 
given  amount  of  light  received  by  the 
phototube  to  compensate  for  varia¬ 
tions  in  emulsion  speeds  and  proc¬ 
essing  variables.  This  is  accom¬ 
plished  by  a  selector  switch  which  is 
used  to  vary  the  level  of  the  charging 
voltages  applied  on  Ci.  For  example, 
when  a  new  emulsion  is  to  be  adopted 
a  short  test  roll  is  exposed,  using  a 
standard  transparency,  at  all  eleven 
positions  of  the  selector  switch. 
Upon  development,  the  proper  ex¬ 
posure  can  be  selected  and  the  printer 
set  at  that  particular  tap.  If,  during 
continued  use  of  the  emulsion,  there 
is  a  tendency  for  prints  to  be  lighter 
or  darker  than  normal,  the  switch  is 
moved  to  a  new  position  according  to 
requirements.  The  effective  change 
in  print  density  in  changing  from 
one  switch  position  to  the  next  is 
made  very  gradual  to  permit  delicate 
adjustments. 

The  value  of  Ci  is  chosen  to  give 
an  exposure  time  for  an  average, 
normal  transparency  that  is  consid¬ 
ered  convenient  for  operation.  Dif¬ 
ferent  rheostats  are  switched  into 
the  B—  lead  to  adjust  exposure  times 
on  the  minus  or  plus  side  of  normal. 
The  spread  in  effective  exposure 
change  from  normal  is  established 
by  adjusting  the  rheostats.  A  V2 
change  in  capacitor  charging  time 
for  each  step  has  been  found  very 
satisfactory. 

The  timing  cycle  is  started  by 
opening  a  switch  because  the  circuit 


is  designed  for  d-c  operation  and  nor¬ 
mal  changes  in  grid  bias  cannot 
cause  a  thyratron  to  stop  conducting 
in  a  d-c  circuit.  Therefore,  the  only 
satisfactory  method  of  opening  the 
relays  to  start  an  exposure  is  by 
opening  the  anode  circuit  with  the 
starting  switch. 

Transparency  Coder 

If  all  transparencies  were  of  uni¬ 
form  density  distribution  the  .same 
initial  voltage  charge  on  the  capaci¬ 
tor  could  always  be  used.  However, 
many  transparencies  have  relatively 
large  areas  that  are  much  darker  or 
much  lighter  than  the  density  of  the 
important  subject  matter.  There¬ 
fore,  the  integrated  light  passing 
through  the  transparency  will  not 
form  a  satisfactory  exposure  crite¬ 
rion  unless  the  capacitor  charging 
voltage  is  increased  or  decreased  as 
required  to  time  properly  the  ex¬ 
posure  for  the  most  important  sub¬ 
ject  matter.  Accordingly,  the  first 
step  is  to  determine  the  ratio  be¬ 
tween  the  entire  light  transmitted 
by  the  transparency  and  the  light 
transmitted  by  an  area  of  the  most 
important  subject  matter.  This  is 
accomplished  in  the  electronic  coder 
shown  in  Fig.  2. 

The  coder  consists  of  a  phototube 
circuit  that  measures  the  intensity 
ratio  of  the  light  passing  through 
the  entire  transparency  and  of  that 
passing  through  a  small  selected 
area.  The  phototube  that  receives 
the  entire  transmitted  light  is  sta- 


Eledronic  coder  that  measures  the  ratio  between  the  light  transmitted  by  the  trans¬ 
parency  as  a  whole  and  the  light  through  a  selected  portion,  thereby  indicating 
the  OTer-exposure  or  under-exposure  required  compared  to  a  normal  transparency 
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tionary,  whereas  the  one  that  re¬ 
ceives  the  light  from  the  selected 
area  is  movable  to  allow  scanning  of 
the  projected  image  area.  The  cir¬ 
cuit  is  arranged  to  show  a  null  read¬ 
ing  on  the  milliammeter  when  a 
transparency  is  uniform  in  density 
distribution.  Such  transparencies 
are  termed  normal  to  indicate  that 
the  “N”  button  on  the  control  panel 
is  required  to  place  the  proper  charge 
on  the  capacitor  in  the  timing  cir¬ 
cuit.  If  a  transparency  has  appre¬ 
ciable  areas  of  high  density  sur¬ 
rounding  a  less  dense  subject,  the 
milliammeter  will  be  deflected  to  the 
left,  indicating  that  a  charging  volt¬ 
age  lower  than  normal  is  necessary 
to  expose  properly  the  transparency. 
Such  transparencies  are  marked 
“single  minus”,  “double  minus”,  etc. 
On  the  other  hand,  those  transpar¬ 
encies  that  have  appreciable  light 
areas  surrounding  a  more  dense  sub¬ 
ject  will  cause  the  meter  of  the  coder 
to  defleet  to  the  right,  the  extent  of 
which  determines  the  increase  in 
voltage  over  the  normal  value  re¬ 
quired  for  properly  exposing  the 
important  subject  matter.  These 
transparencies  are  marked  “single 
plus”,  “double  plus”,  etc.  Once  the 
coding  of  a  transparency  is  deter- 


Selector  died  lor  controlling  the  number  of 
prints  from  any  transparency,  and  other 
controls  for  the  printer.  The  buttons  at  the 
bottom  proTide  changes  in  the  color  tem¬ 
perature  of  the  exposing  lamp  and  permit 
control  of  exposure  in  relation  to  the  den¬ 
sity  distribution  of  the  transparency 


mined,  the  timing  circuit  of  the 
printer  will  automatically  give  an 
accurate  print  exposure. 

Component  and  Tnbe  Troubles 

In  designing  and  constructing  the 
timing  circuit,  considerable  experi¬ 
mental  work  was  necessary  to 
achieve  dependable  operation.  The 
initial  attempt  to  obtain  consistent 
timing  by  electronic  means  was  not 
successful.  The  results  were  far  too 
erratic  to  be  acceptable  in  color 
printing  practice.  It  was  found  im¬ 
perative  to  use  utmost  care  in  se¬ 
lecting  component  parts  for  the  cir¬ 
cuit  and  in  building  the  equipment. 

All  components  are  now  pretested 
over  a  sufficiently  long  period  of  time 
to  determine  if  their  characteristics 
will  remain  constant  under  various 
conditions.  All  tubes  are  bench 
tested  and  characteristic  curves 
plotted  over  a  period  of  fifty  hours. 
Matched  sets  of  selected  tubes, 
namely  6F5G,  2050,  80,  VR150, 
and  929,  are  placed  in  a  lab¬ 
oratory  timing  circuit  and  subjected 
for  forty  hours  to  the  same  condi¬ 
tions  as  found  in  practice.  The  tubes 
are  then  removed  and  re-checked 
before  being  assigned  to  a  printer. 

Leakage  currents  are  kept  at  a 
minimum  by  various  means.  Poly¬ 
styrene  is  used  wherever  possible, 
ceresin  wax  is  applied  to  all  poly¬ 
styrene  fittings  and  to  the  phototube 
base,  and  the  printing  room  is  care¬ 
fully  air-conditioned.  The  relative 
humidity  is  never  permitted  to  ex¬ 
ceed  40  percent. 

The  spectral  response  of  the  929 
phototube  is  flattened  by  use  of  color 
compensating  filters  to  minimize  er¬ 
rors  arising  from  widely  varying 
spectral  transmission  of  color  trans¬ 
parencies. 

Color  Temperatnre  Cootrol 

The  color  temperature  of  a  tung¬ 
sten  lamp  varies  in  practice  because 
of  voltage  changes  and  accumulated 
tungsten  deposits  on  the  inside  wall 
of  the  bulb.  It  is  relatively  simple 
to  control  the  lamp  voltage,  but  to 
maintain  uniform  color  temperature 
during  lamp  darkening  is  more  in¬ 
volved.  It  so  happens  that  as  the 
lamp  darkens  its  brightness  falls  as 
well  as  its  color  temperature.  By  in¬ 
creasing  the  voltage  on  the  lamp  the 
brightness  and  color  temperature 
will  increase,  approximately  restor¬ 


ing  its  normal  characteristics. 

The  phototube  circuit  shown  in 
Fig.  3  makes  possible  a  lamp  bright¬ 
ness  control,  equivalent  to  brightness 
changes  arising  from  ±i-volt  line 
variations. 

Two  phototubes  are  focused  on  the 
portion  of  the  printing  lamp  that  is 
directed  toward  the  printing  mate¬ 
rial.  The  phototube  of  system  A  is 
a  930  which  has  an  SI  surface.  The 
phototube  of  system  B  is  a  929  which 
has  an  S4  surface.  In  system  A  a 
drop  in  illumination  will  cause  the 
2050  tube  to  be  conductive  since  the 
decrease  in  phototube  current  makes 
the  2050  less  negative.  Relay  P,  is 
thereby  energized.  The  contacts  of 
P*  are  connected  to  one  side  of  a  re¬ 
versible  a-c  fractional-horsepower 
motor  M,  which  turns  rheostat  P, 
in  the  required  direction  to  increase 
the  illumination  of  the  lamp  to  the 
original  value,  set  by  P,. 

In  phototube  system  B  an  increase 
in  illumination  causes  its  2050  tube 
to  be  conductive,  closing  relay  P« 
which  operates  motor  3f  in  the  di¬ 
rection  required  to  decrease  the  lamp 
voltage;  therefore,  its  brightness  is 
restored  to  the  value  originally  set 
by  Pa. 

A  description  of  the  circuit  func¬ 
tion  will  make  the  color  temperature 
control  more  understandable.  A  posi¬ 
tive  voltage  is  applied  to  the  2060 
anodes  and  phototube  anodes  during 
every  other  half-cycle,  when  the  up¬ 
per  side  of  the  a-c  line  is  positive. 
During  these  half-cycles,  negative 
bias  voltage  is  supplied  to  the  2050 
grid  from  P,.  The  potential  of  the 
grid  is  made  less  negative  by  the  IR 
drop  across  P«,  which  reduces  the 
negative  grid  potential,  causing  the 
2050  to  conduct  and  the  relay  to  close. 

Excellent  stability  of  both  systems 
is  accomplished  by  use  of  1.0-ohm 
resistors  in  series  with  the  heaters 
to  reduce  slightly  the  heater  voltage 
and  by  7-megohm  resistors  in  the 
screen  grid  leads  of  the  thyratrons. 
Apparently  the  gas  currents  within 
the  tube  are  reduced  by  operating 
the  screen  and  heater  below  the  rated 
values. 

Plate  relays  P,  and  P*  have  a 
1,500-ohm  resistance  to  hold  the  re¬ 
lay  current  at  a  safe  value. 

The  anode  voltage  of  the  930  pho¬ 
totube  in  system  A  should  never  ex¬ 
ceed  90  volts.  Therefore,  it  is  neces¬ 
sary  to  include  a  3,000-ohm  resis- 
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tance,  Rt,  to  limit  the  current  through 
the  2050  to  a  value  such  that  the  IR 
drop  across  iZ,  will  not  permit  the 
peak  voltage  of  the  phototube  to  ex¬ 
ceed  90  volts.  Additional  limitation  is 
provided  by  the  use  of  a  1,500-ohm 
plate  relay  P,.  Motor  M  is  a  gear  re¬ 
duction  motor  whose  secondary  shaft 
rotates  at  1  rpm  and  is  coupled  to 
rheostat  R^. 

The  purpose  of  the  Variac  is  to 
set  the  voltage  to  meet  the  color  bal¬ 
ance  requirements  of  the  printing 
material.  The  permissible  tolerances 
in  color  temperature  for  maintain¬ 
ing  uniform  color  balance  in  finished 
prints  are  determined  experimen¬ 
tally.  These  data  are  then  used  for 
the  monitoring  range  of  the  printing 
lamp,  which  is  set  by  positioning  the 
contacts  of  R,  and  R,  of  systems  A 
and  B. 

Systems  A  and  B  must  be  isolated 
from  each  other  to  prevent  one  sys¬ 
tem  from  influencing  the  other.  For 
this  reason  isolation  transformers 
were  used. 

Secoad  Exposnr*  Control 

The  second  exposure  of  the  sensi¬ 
tized  material  is  made  by  two  Han- 
ovia  DHl  400-watt  high-intensity 
mercury  vapor  lamps.  The  lamps  are 
placed  above  and  below  the  web  to 
assure  complete  exposure  through 
the  emulsion  in  the  short  time  inter¬ 
val  of  two  seconds.  The  lamps  have 
the  advantage  of  high  light  output 
and  low  heat,  but  have  the  disadvan¬ 
tages  of  requiring  approximately  five 
minutes  to  reach  peak  brightness  and 
of  requiring  I  a  period  of  about  ten 
minutes  for  restarting. 

Since  adequate  second  exposure  of 
the  material  is  so  important,  two 
safety  devices  are  used.  One  is  a 
phase-changing  unit,  and  the  other 
an  electronic  means  for  automati¬ 
cally  controlling  a  bank  of  tungsten 
lamps  that  can  be  employed  for  sec¬ 
ond  exposure  during  relatively  short 
time  periods  if  the  Hanovias  fail. 
The  tungsten  lamps  generate  exces¬ 
sive  heat  in  the  second-exposure 
cabinet  if  used  longer  than  20  or  30 
minutes.  The  two  safety  devices  in 
combination  are  referred  to  as  the 
re-exposure  control  and  phase- 
changer. 

In  the  operation  of  the  Hanovia 
lamps,  two  legs  of  a  three-phase  sys¬ 
tem  are  utilized  as  in  Fig.  4.  When 
the  processing  machine  is  started 
two  phases,  energized  through  a  re- 
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FIG.  3 — Circuit  for  controlling  tho  color  tomperoture  of  the  expoeinq  light  source 
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FIG.  4 — Photoelectric  circuit  for  monitoring  the  HonoTia  mercury-Topor  lamps  used 
for  second  exposure  of  color  printing  paper 


mote-control  contactor,  operate  two 
relays.  The,  lower  contacts  of  one 
relay  carry  phase  1,  whereas  the  up¬ 
per  contacts  carry  phase  2.  The  con¬ 
tacts  of  the  second  relay  carry  these 
phases  in  the  reverse  order.  If  for 
any  reason  phase  1  should  fail,  phase 
2  becomes  effective  and  vice  versa. 

The  phototube  monitoring  system 
controlling  the  auxiliary  tungsten 
lamps  functions  through  control  re¬ 
lay  P,  (Fig.  4)  which  is  energized 
by  plate  relay  P^  The  phototube  cir¬ 
cuit  consists  of  a  2050  and  a  929  tube 
so  arranged  that  as  long  as  the  il¬ 
lumination  is  below  a  certain  level, 
the  2050  is  conductive  and  energizes 
plate  relay  P,.  Conductivity  of  the 
2050  is  lost  when  the  illumination 
increases  to  a  safe  level  for  complete 
second  exposure.  This  value  was  de¬ 


termined  experimentally  and  Ri  was 
adjusted  accordingly. 

The  operation  of  the  circuit  is  as 
follows:  Positive  voltage  is  supplied 
to  the  anodes  of  the  2050  and  929 
tubes  during  every  half  cycle  when 
the  upper  side  of  the  a-c  line  is  posi¬ 
tive.  During  these  half  cycles,  nega¬ 
tive  bias  voltage  is  supplied  to  the 
2050  grid  from  Rt.  The  potential 
of  the  grid  is  made  less  negative  by 
the  IR  drop  resulting  from  the  flow 
of  phototube  current  through  P*.  A 
decrease  in  phototube  current  makes 
the  2050  less  negative,  closing  P,. 

The  positioning  of  the  phototube 
unit  in  respect  to  the  Hanovia  lamps 
is  quite  important  The  unit  must  be 
placed  in  such  a  position  that  the 
radiation  from  the  two  lamps  is  de¬ 
tected  equally. 
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PULSE-TYPE 
RADIO  ALTIMETER 


Technical  details  of  high-altitude  altimeter  using  radar  techniques  as  distinguished  from 
earlier  types  employing  the  Doppler  effect.  Readings  on  circle-forming  cathode-ray  indicator 

are  accurate  to  within  50  feet  even  above  30,000  feet 


Development  of  a  high-altitude 
radio  altimeter  for  the  Army 
Air  Forces  was  initiated  late  in  1930 
when  the  need  for  an  accurate,  ab¬ 
solute  method  of  determining  terrain 
clearance  for  purposes  of  bombing  at 
altitudes  above  20,000  feet  became 
apparent.  Five  developmental  mod¬ 
els  were  constructed  by  RCA  before 
acceptance  of  the  SCR-518-A,  the 
first  pulse-type  radio  altimeter  to  go 
into  production.  Even  while  two 
thousand  equipments  of  this  type 
were  being  manufactured  by  the 
RCA  Victor  Division  and  installed  in 
AAF  medium  and  heavy  bombers, 
military  requirements  necessitated  a 
new  design  to  reduce  the  weight  and 
size  and  increase  the  range  and  ac¬ 
curacy.  For  a  time  it  seemed  that  an 
answer  had  been  found  in  the  SCR- 
618-A,  which  weighed  76  pounds, 
bulked  2.5  cu  ft,  and  had  a  range  of 
40,000  feet,  with  accuracy  main- 
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tained  by  a  crystal-controlled  timing 
oscillator. 

Meanwhile,  work  had  already  be¬ 
gun  on  a  new  light-weight  equip¬ 
ment,  SCR-718.  When  Army  Air 
Forces  Headquarters  was  informed 
of  its  characteristics,  production  of 
SCR-618-A  was  ordered  stopped, 
after  only  three  had  been  built,  and 
SCR-718  was  given  the  go-ahead. 

The  SCR-718-C  described  here  is 
the  latest  in  the  SCR-718  series,  and 
differs  from  the  first  two  models 
mainly  in  the  addition  of  a  50,000- 
foot  scale  to  the  normally-used  5,000- 
foot  scale.  This  change  was  made  to 
avoid  confusion  in  reading  the  alti¬ 
meter  indications.  The  altimeter  it¬ 


self  may  be  likened  to  a  simple,  com¬ 
pact,  light-weight  version  of  a  typi¬ 
cal  airborne  radar  search  or  bombing 
equipment.  Accuracy  is  stressed, 
since  it  is  unnecessary  to  read  azi¬ 
muth,  locate  targets,  solve  the  bomb¬ 
ing  problem,  or  provide  automatic 
tracking.  Flights  checked  against 
photo-theodolite  equipment  have 
nearly  always  indicated  the  error  to 
be  less  than  50  feet,  even  at  altitudes 
of  30,000  feet  and  above. 

General  Description 

The  two  main  units  of  the  equip¬ 
ment,  the  transmitter-receiver  and 
the  indicator,  are  shown  in  block 
diagram  form  in  Fig.  1.  The  timing 
oscillator  is  crystal-controlled  at 
98.356  kc  for  the  5,000-foot  range, 
and  operates  as  an  electron-coupled 
oscillator  at  9.835  kc  for  the  50,000- 
foot  range. 

Part  of  the  sine-wave  output  of  the 
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Left  to  right — tronsmitter-receiTer  unit,  one  of  the  antennas,  and  indicator  unit 


timing  oscillator  is  clipped,  differen¬ 
tiated,  and  amplified  in  pulse-gener¬ 
ating  circuits,  and  the  pulses  are  ap¬ 
plied  by  a  6L6  driver  (modulator)  to 
the  plates  of  a  6J6  in  the  uhf  output 
stage.  The  pulse  repetition  frequency 
is  therefore  either  98,356  or  9.835 
kc.  The  uhf  output  circuits  are  nom¬ 
inally  tuned  to  440  me,  although  it  is 
possible  to  adjust  the  frequency  over 
a  range  of  almost  ten  megacycles. 
Pulses  of  0.25  microsecond  length, 
with  a  peak  power  of  5  to  10  watts, 
are  produced. 

A  small  portion  of  the  timing  os¬ 
cillator  output  is  fed  through  the  in¬ 
terconnecting  cable  to  the  indicator, 
where  phase-shifting  tuned  trans¬ 
formers  produce  voltages  90  degrees 
out  of  phase.  These  voltages  are  ap¬ 
plied  to  the  horizontal  and  vertical 
deflecting  plates  of  the  cathode-ray 
tube,  generating  a  circular  sweep. 
The  detector  output  is  also  fed  to  the 
indicator  unit,  where  it  is  amplified 
by  two  6AG5  tubes  in  parallel  and  ap¬ 
plied  to  a  radial  electrode  in  the 
type  3DP1  cathode-ray  tube.  The 
negative  signal  pulse  repels  the  elec¬ 
tron  beam  and  causes  the  circle  to  be 
momentarily  deflected  outward  in  the 
shape  of  a  pulse  or  lobe.  There  are 
normally  two  such  lobes  on  the  circle, 
one  at  zero  representing  the  outgo¬ 
ing  pulse,  and  the  other  at  a  position 
corresponding  to  the  altitude  of  the 
aircraft,  representing  the  pulse  re¬ 
flected  by  the  terrain. 

Traiiimitt«r*Receiv«r  Circuit 

The  transmitter-receiver  circuit  is 
shown  in  Fig.  2,  and  the  indicator 


circuit  in  Fig.  3.  The  frequency  of 
the  timing  oscillator  is  changed  from 
98.356  kc  (crystal-controlled)  to 
9.835  kc  (electron  coupled)  by  throw¬ 
ing  the  scale  switch  in  the  indicator 
from  the  TIMES  ONE  position  to 
the  TIMES  TEN  position,  which  ap¬ 
plies  voltage  to  the  scale-change  re¬ 
lay  in  the  oscillator  circuit.  Opera¬ 
tion  of  this  relay  connects  the  low- 
frequency  section  of  the  oscillator 
grid  coil  into  the  circuit,  making  the 
crystal  inoperative.  This  grid  coil 
is  paralleled  by  temperature-compen¬ 
sating  capacitors,  to  insure  maxi¬ 
mum  accuracy  over  a  wide  range  of 
ambient  temperatures.  The  high-  and 
low-frequency  sections  of  the  coil  are 
wound  on  the  same  form,  but  are 
tuned  separately  by  powdered  iron 
slugs,  one  at  each  end  of  the  coil. 

The  plate  load  of  the  timing  oscil¬ 
lator  consists  of  two  tuned  circuits  in 
series,  one  for  each  timing  fre¬ 
quency;  the  coils  are  permeability 
tuned.  The  signal  for  forming  the 
circular  sweep  is  picked  up  by  an  un¬ 
tuned  tertiary  winding  and  fed  to 
the  circle  amplifier  in  the  indicator 
through  a  single  shielded  wire  which 
also  carries  screen  grid  currents  for 
the  oscillator,  clipper,  and  driver 
tubes. 

The  timing  oscillator  direct  out¬ 
put  goes  to  the  6AG5  clipper.  The 
positive  peaks  are  only  slightly  flat¬ 
tened  by  grid  limiting  action.  Pulse 
forming  is  achieved  by  the  plate  load, 
a  coil  tuned  to  about  400  kc  and 
damped  so  that  only  the  highest  posi¬ 
tive  peak  of  the  clipper  output  affects 
the  6L6  driver  tube. 


The  driver  plate  load  is  tuned  to 
approximately  900  kc,  and  the  driver 
output  is  another  damped  voltage 
train,  with  a  peak  value  of  400  to  450 
volts.  By  means  of  suitably  designed 
time-constant  circuits,  the  driver 
output  wave  shape  and  amplitude  are 
made  relatively  independent  of  the 
timing  oscillator  frequency. 

The  6J6  uhf  oscillator  tube  is  plate 
modulated  by  the  driver  output 
pulses.  The  plate  lines  are  silver- 
plated  pipes  with  outside  diameter 
about  J  inch,  2i  inches  long,  spaced 
inch  between  centers,  and  tuned 
by  a  shorting  bar  adjustable  from 
the  front  panel.  R-f  chokes  are  small 
six-turn  coils.  The  antenna  coupling 
loop  is  mounted  directly  below  the 
plate  lines,  and  its  spacing  there¬ 
from  is  adjustable  from  the  top  of 
the  chassis.  The  loop  is  series  tuned 
by  a  small  variable  air-dielectric 
capacitor.  The  entire  uhf  output 
assembly  is  housed  in  a  15  x  4i  x  11- 
inch  aluminum  can,  with  heater  and 
driver  leads  brought  into  it  through 
ceramic  feed-through  capacitors. 

The  uhf  converter  and  oscillator 
are  also  housed  in  an  aluminum  can, 
somewhat  larger,  located  at  the  op¬ 
posite  end  of  the  chassis  to  reduce 
direct  feed-through.  The  converter 
tube  plates  are  connected  in  parallel, 
while  the  grids  are  connected  to 
parallel  lines  tuned  by  a  shorting  bar 
as  in  the  uhf  output  circuits.  How¬ 
ever,  the  grid  end  of  the  line  is 
shunted  (thereby  shortening  the  line 
to  If  inches)  by  a  small  two-plate 
variable  capacitor,  adjustable  from 
the  front  panel  for  fine  tuning.  An- 
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FIG.  2 — Traiismitter<receiTer  circuit  diagram.  All  six  i-f  stages  hare  identical  component  Tolues  as  giTen  for  the  first  l-f  stage,  except 

where  other  ralues  are  indicated 


tenna  coupling  loop  tuning  and  ad¬ 
justment  are  almost  identical  to  that 
employed  in  the  transmitter  assem¬ 
bly. 

The  410-mc  local  oscillator  is  link- 
coupled  to  the  converter,  the  loops 
being  located  below  the  tank  lines. 
The  6J6  oscillator  is  operated  as  a 
single  triode,  with  grids  and  plates 
respectively  tied  together  and  the 
element  pairs  connected  to  the 
parallel  pipe  line  through  ceramic 
capacitors.  The  oscillator  frequency 
is  adjusted  by  means  of  a  shorting 
bar  across  the  pipe  line. 

The  converter  output  is  coupled  to 
the  first  of  six  30-mc  i-f  stages. 
Bandwidth  of  each  i-f  transformer  is 
4.5  me  at  3  db  down.  The  first  two 
stages  differ  slightly  in  that  the 
screen  grid  voltage  is  variable  and 
controlled  by  the  receiver  gain  con¬ 
trol  in  the  indicator  unit.  It  was 
found  that  reducing  this  voltage  to 
zero  did  not  prevent  amplification  of 
the  strong  signal  reflected  when  the 
aircraft  was  on  or  near  the  ground; 
for  this  reason  grid  leak  bias  was 
added  to  the  first  two  i-f  amplifiers. 

The  i-f  transformers  are  all  ca¬ 
pacitance-coupled,  double  permeabil¬ 
ity  tuned  (no  capacitance  other  than 
stray  capacitance  being  required), 
and  primary  loaded.  Heaters  of  the 
i-f  string  are  isolated  for  r-f  by 
small  chokes,  and  plate  and  screen 
grid  supply  leads  are  decoupled  by 
the  usual  resistor-capacitor  net¬ 
works. 

ludicator  AMpliHar 

JThe  output  of  the  6AG5  detector 
(Fig.  2)  is  taken  from  its  cathode 

III 


through  a  simple  filter,  and  fed  to 
the  video  amplifier  in  the  indicator 
unit  (Fig.  3)  through  a  75-ohm 
coaxial  line.  The  video  amplifier  in¬ 
put  is  grounded  through  an  82- 
ohm  resistor,  which  approximately 
matches  the  transmission  line  im¬ 
pedance.  The  video  output,  consist¬ 
ing  of  negative  pulses,  is  applied  to 
the  central  electrode  of  the  cathode- 
ray  indicator  tube;  this  electrode  is 
grounded  through  about  600,000 
ohms,  so  that  it  does  not  accumulate 
a  charge. 

To  minimize  interference  that 
might  be  caused  in  communications 
receivers  by  radiation  of  these  video 
signals,  the  central  electrode  is 
shielded  by  a  small  grounded  metal 
cap.  The  dial  scale  is  a  transparent 
decalcomania  applied  directly  to  the 
face  of  the  cathode-ray  tube.  A 
Lucite  window  protects  the  tube 
against  accidental  damage. 

Separate  circle-forming  circuits 
are  required  for  the  high-  and  low- 
frequency  timing  signals,  but  the 
6AG5  circle  amplifier  and  associated 
d-c  components  remain  unchanged. 
Before  amplification  of  the  timing 
signals,  they  pass  through  two  zero¬ 
adjusting  transformers,  one  for  each 
scale ;  primaries  are  untuned  and 
connected  in  series,  while  second¬ 
aries  are  permeability-tuned.  A  volt¬ 
age  divider  across  the  secondary  of 
the  TIMES  ONE  transformer  per¬ 
mits  independent  adjustment  of  the 
size  of  the  5,000-foot  range  circle; 
the  circle  size  control,  at  the  input  to 
the  circle  amplifier,  controls  the  size 
of  both  circles.  The  two  controls  are 
normally  adjusted  so  that  the  TIMES 


ONE  circle  is  about  one-quarter  inch 
smaller.  This  is  done  to  enable  the 
two  scales  to  be  readily  distin¬ 
guished.  Before  the  50,000-foot  scale 
was  added,  some  confusion  was  occa¬ 
sioned  by  the  necessity  for  either 
counting  the  number  of  encircle¬ 
ments  made  by  the  reflected  pulse  or 
estimating  terrain  clearance  by  sub¬ 
tracting  terrain  height  from  height 
above  sea-level,  the  latter  determined 
from  conventional  barometric  altim¬ 
eter.  readings. 

The  circle  amplifier  plate  circuit 
contains  the  two  circle-forming 
transformers,  one  for  each  sweep 
frequency;  both  primaries  and  sec¬ 
ondaries  are  permeability-tuned,  and 
in  addition  two  variable  resistors  are 
provided  for  circle  shape  control. 
Several  temperature  -  compensating 
ceramic  capacitors  are  associated 
with  the  zero-adjusting  and  circle¬ 
forming  transformer  circuits.  De¬ 
flection  and  centering  connections 
are  balanced  to  ground,  but  other¬ 
wise  conventional.  Focus  and  bril¬ 
liance  controls  are  conventional. 

Oparotioaal  Use 

This  radio  altimeter  was  installed 
in  most  medium  and  heavy  bombard¬ 
ment  aircraft,  but  before  the  war 
ended  it  was  found  to  be  more  valu¬ 
able  as  a  navigational  aid. than  as 
a  tactical  aid  in  bombing.  This  re¬ 
sulted  on  the  one  hand  from  the  im¬ 
proved  accuracy  in  ranging  circuits 
of  radar  bombing  devices,  and  on 
the  other  from  the  development  and 
refinement  of  a  method  of  determin¬ 
ing  drift  by  the  comparison  of  radio 
and  barometric  altitude  readings. 
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CompUt*  translator  in  which  code  charac¬ 
ter*  appear  os  letters  on  the  Tiewing  space 
of  the  panel.  Four  pairs  of  thyratrons 
were  used  in  this  early  model.  The  clock 
motor  mounted  on  the  front  of  the  panel 
rotates  a  phosphor-coated  disk  at  a  speed 
of  one  rpm 


The  instrument  to  be  described 
is  capable  of  converting  Inter¬ 
national  Morse  Code  (or  any  arbi¬ 
trary  code)  into  visual  images  of  the 
letters  and  figures  corresponding  to 
the  code  characters.  Since  it  is  de¬ 
signed  to  be  coupled  to  the  output 
terminals  of  a  radio  receiver,  it  offers 
the  possibility  of  hearing  the  code 
characters  and  seeing  the  corre¬ 
sponding  letters  simultaneously.  Al¬ 
ternatively,  code  can  be  sent  into  the 
translator  with  a  key  for  code  in¬ 


struction,  as  well  as  for  communica¬ 
tions. 

The  translator  consists  of  two  sec¬ 
tions:  (1)  a  discriminator,  in  which 
five  or  more  pairs  of  thyratrons,  em¬ 
ployed  as  reset  relays  in  a  scaling  cir¬ 
cuit,  produce  after  each  group  of  dots 
and  dashes  a  unique  voltage  deter¬ 
mined  by  the  character  received;  (2) 
an  indicator,  functioning  on  the 
stroboscopic  principle,  that  converts 
the  discriminator  voltage,  at  the 
proper  time,  into  a  persistent  optical 
image  of  the  character  on  a  moving 
phosphorescent  screen.  Portions  of 
the  circuit  are  gated,  so  that  the 
thyratrons  are  returned  to  the  ready 
condition  after  each  character  has 
been  presented,  and  so  that  the 
stroboscope  is  illuminated  only  at  the 
proper  time.  The  circuits  are  cap¬ 
able  of  translating  code  at  any  speed 
that  can  be  followed  by  a  relay. 

Weighted  Characters 

The  code  characters  are  analyzed 
by  the  discriminator  on  the  following 
basis.  The  dots  and  dashes  in  a  char¬ 
acter  are  considered  as  numbered  1, 
2,  3 . .  and  the  numbers  are  as¬ 

signed  weights  in  a  geometric  pro¬ 
gression  of  1,  2,  4,  8,  etc.  The  total 
weight  of  each  character  is  found  by 
adding  the  weights  of  the  individual 
unit  signals,  the  individual  weight 
being  doubled  if  the  signal  is  a  dash. 
This  rule  is  illustrated  by  the  schema¬ 
tic  system  of  weights  shown  in  Fig. 
1.  For  example,  the  weight  of  the 
letter  “E”  (one  dot)  is  1;  of  “N” 
(dash  dot)  is  4;  of  “R”  (dot  dash 
dot)  is  9,  etc.  Table  I  gives  the 
weights  of  all  commonly  used  charac¬ 
ters  of  the  International  Morse  Code. 


Thus  the  various  letters  and  figures 
have  discrete  weights,  differing  in 
general  by  unity. 

The  heart  of  the  discriminator  is 
the  array  of  five  (or  more)  pairs  of 
gas  tetrodes  (2050’s  or  2D2rs) 
shown  at  lower  left  in  the  circuit  dia¬ 
gram  of  Fig.  2.  These  tubes  repre¬ 
sent  the  schematic  arrangement  of 
weights  shown  in  the  block  diagram 
of  Fig.  1,  the  weight  being  assigned 
to  each  tube  by  specifying  its  individ¬ 
ual  plate  resistor. 

When  a  given  gas  tube  is  turned  on 
by  a  signal  applied  to  its  control  grid 


TABLE  I 


Lelter 


Code 

Character 


FIG.  1 — Weights  oi  unit  signals.  The 
upper  row  is  used  if  the  signal  is  a  dot; 
the  upper  and  lower  rows  are  added  if  the 
signal  is  a  dash.  The  total  weight  oi  the 
dots  and  dashes  in  a  group  is  the  weight 
of  the  character.  The  unshaded  blocks 
show  a  total  weight  of  nine  for  the 
letter  "R" 


through  the  input  network,  it  con¬ 
ducts  a  current  that  is  nearly  in¬ 
versely  proportional  to  the  magni¬ 
tude  of  its  plate  resistor. 

The  two  tubes  of  each  pair  have 
plate  resistors  of  equal  value,  the 
values  decreasing  in  geometric  pro¬ 
gression  to  the  right.  Since  all  the 
individual  plate  resistors  are  coupled 
to  a  common  point  on  a  voltage  di¬ 
vider  between  and  /?2,  and  since 
the  sum  of  all  the  tube  currents 
passes  through  the  common  resistor 
Riy  the  voltage  drop  across  this  resis¬ 
tor  is  determined  by  the  particular 
group  of  tubes  that  have  been  turned 
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Code  signals  from  a  receiver  are  fed  into  a  ten-tube  discriminator  to  produce  voltages  that 
trigger  a  gas-filled  tube.  Illumination  from  the  tube  causes  corresponding  letters  and  numerals 

to  appear  on  a  moving  fluorescent  screen 


on.  Thus,  a  unique  voltage  appears 
at  the  first  grid  of  tube  in  the  in¬ 
dicator  circuit,  and  this  voltage  cor¬ 
responds  to  the  particular  letter  or 
figure  that  was  sent  into  the  trans¬ 
lator. 

Cieait  Analysis 

The  method  of  switching  on  the 
various  dot  and  dash  tubes  of  the 
array  may  be  followed  by  studying 
the  circuit.  The  upper  tube  of  each 
pair  in  the  diagram  (V^  ....  V^)  is 
a  dot  tube,  the  lower  is  a  dash  tube. 
When  a  group  of  dots  and  dashes  is 
introduced  into  the  circuit,  the  dot 
tubes  are  turned  on,  in  order,  at  the 
conclusion  of  each  unit  signal, 
whether  it  be  a  dot  or  a  dash.  It  will 
be  noted  that  the  successive  dot  tube 
grids  are  biased  step-wise,  and  that 
the  whole  grid  system  is  raised  about 
three  volts  per  signal  by  the  inter¬ 
mittent  charging  of  capacitor  Ci 
through  the  left-hand  section  of  tube 
Va.  (The  right-hand  section  is  used 
to  discharge  the  capacitor  when  the 
circuit  returns  to  the  cleared  condi¬ 
tion.) 

The  problem  of  ensuring  that  the 
dash  tube  of  a  pair  would  go  on  at  the 
end  of  a  signal  only  if  the ‘signal  was 
a  dash  was  solved  by  placing  two  con¬ 
ditions  on  the  ignition  of  each  dash 
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tube:  (1)  The  corresponding  dot  tube 
must  go  on,  giving  a  negative  pulse 
to  the  cathode  of  the  dash  tube 
through  capacitance  coupling.  (After 
ignition,  diode  anchor  Vu,  .  .  .  . 
prevents  the  thyratron  cathode  from 
rising  appreciably  in  potential) ;  (2) 
the  grid  of  the  dash  tube  must  be  at  a 
sufficiently  positive  potential  as  de¬ 
termined  by  an  RC  circuit  (R^,  C.) 
that  is  controlled  by  the  duration  of 
the  unit  signal,  thus  discriminating 
between  dots  and  dashes. 

At  the  conclusion  of  a  group  of 
dots  and  dashes,  another  RC  circuit 
permits  the  indicator  to  function  and 
then  opens  a  relay  (RYt),  cutting  off 
plate  potential  for  all  of  the  thy- 
ratrons  and  so  extinguishing  them. 
The  circuit  is  then  ready  for  the 
reception  of  the  next  code  character. 

The  resistance  elements  (i?.,,  RJ 
of  the  two  timing  circuits  are  ganged 
on  a  common  control  that  is  set  by 
the  operator  with  the  aid  of  a  cali¬ 
brated  dial  to  the  approximate  speed 
of  the  code  being  received. 

The  indicator  section  of  the  trans¬ 
lator  consists  of  the  gate  circuit  as¬ 
sociated  with  tube  a  Strobotron 
or  similar  triggered-arc  illuminating 


tube,  and  a  stroboscopic  letter  disk 
carried  on  the  rapidly  rotating  shaft 
of  a  3600-rpm  synchronous  motor 
Ml.  The  various  letters  and  figures 
were  punched  out  stencil-fashion 
around  the  edge  of  the  disk  in  the 
order  given  in  Table  I. 

The  double  triode  Vm  is  connected 
in  a  biased  multivibrator  circuit*  so 
that  normally  the  left-hand  triode  is 
off  and  the  right-hand  triode  is  con¬ 
ducting.  The  circuit  is  tripped  by  a 
positive  pulse  on  the  left-hand  grid. 
This  pulse,  or  trigger,  occurs  at  zero 
phase  of  rotation  of  the  stroboscopic 
disk,  upon  the  closing  of  a  timer  con¬ 
tact  SIV  on  the  motor  shaft.  The 
duration  of  the  interval  during  which 
the  gate  remains  tripped  is  deter¬ 
mined  by  the  d-c  potential  on  the  left- 
hand  grid,  and  hence  by  the  output 
voltage  of  the  discriminator. 

The  Strobotron  illuminating  tube, 
ViB,  is  triggered  by  the  return  of  tube 
Vja  to  the  stable  condition,  hence  the 
illuminating  flash  occurs  at  a  phase 
determined  by  the  discriminator,  and 
the  proper  letter  image  appears  to 
the  viewer.  The  indicator  tube  is  in¬ 
dependently  gated  by  the  relay  RY,, 
and  hence  is  alw’ays  off  except  for  a 


•  This  circuit  is  a  variation  of  that  given 
on  p  .*>9  in  Puckle.  O.  S.,  “Time  Bases,”  .Toiiii 
Wiley  &  Sons.  Inc.,  1943. 


Tube  and  shield  removed  to  show  the  placement  of  the  letter-  The  indicator  tube  is  mounted  behind  the  panel  so  that  Hashes 

stenciled  disk  in  relation  to  the  phosphor-coated  disk  shine  through  an  aperture  in  the  metal  shield 


brief  interval  at  the  termination  of 
each  code  character.  The  grate  is  open 
long  enough  to  permit  illumination 
of  the  letter  disk  on  two  or  more  suc¬ 
cessive  turns  (several  turns  at  low 
code  speeds). 

To  facilitate  reading,  the  illumin¬ 
ated  letters  are  optically  transferred 
from  the  stroboscopic  letter  disk  to  a 
slowly  rotating  glass  disk,  Z)„  that 
has  been  coated  with  a  sensitive 
'  phosphorescent  compound.  This  view¬ 
ing  disk  is  rotated  by  motor  Af*  from 
right  to  left  at  a  speed  of  one  rpm 
so  that  the  letters  of  the  message 
received  appear  in  the  proper  se¬ 
quence  and  their  images  persist  for 
a  number  of  seconds. 

A  working  model  of  the  translator 
has  been  built,  and  has  given  results 
both  satisfactory  and  highly  enter¬ 
taining.  The  discriminator  responds 
well  to  ordinary  hand  sending,  and 
has  proved  to  be  not  too  sensitive  to 
the  particular  code  speed.  The  ideal 
source  of  code  is  an  automatic  key¬ 


ing  device,  but  this  is  not  essential 
for  good  results.  The  translator  na¬ 
turally  shows  up  sending  that  devi¬ 
ates  too  far  from  the  ideal,  in  which 
the  dash  length  is  three  times  the  dot 
length,  and  in  which  the  interval  be¬ 
tween  dots  and  dashes  in  a  group  is 
equal  to  the  duration  of  a  dot.  If  the 
circuit  is  to  be  coupled  to  a  receiver, 
the  whole  translator  must  be  ade¬ 
quately  shielded  to  suppress  radia¬ 
tion  from  the  relays.  . 

The  translator  could  no  doubt  be 
improved  in  a  number  of  respects. 
In  particular,  the  timing  contact  on 
the  shaft  of  the  synchronous  motor 
could  be  eliminated  by  triggering  the 
gate  circuit  from  the  60-cycle  power 
wave.  An  additional  tube  would  be 
required  for  squaring  up  and  differ¬ 
entiating  the  sine  wave  to  produce  a 
suitable  trigger,  but  the  gain  in  de¬ 
pendability  and  mechanical  simplic¬ 
ity  would  no  doubt  be  worth  while. 
The  first  model  suffered  from  the  fact 
that  the  indicator  tube  lacked  suffi¬ 


cient  luminous  output,  especially  in 
the  shorter  wavelengths  of  the  opti¬ 
cal  spectrum,  to  give  adequate  per¬ 
sistence  in  the  phosphorescent  letter 
images.  This  feature  could  be  im¬ 
proved  by  the  substitution  of  a  suit¬ 
able  triggered  mercury-pool  arc  tube.* 

Since  the  time  intervals  required 
for  the  transmission  of  the  various 
characters  are  different,  the  spacing 
of  the  letters  on  the  phosphorescent 
viewing  disk  is  not  uniform  if  the 
disk  rotates  at  constant  speed.  Uni¬ 
formity  of  spacing  could  be  achieved 
by  causing  the  rotation  to  occur  in 
equal  steps,  one  step  being  made  for 
each  action  of  the  relay  RYt. 

Appreciation  is  expressed  to  the 
California  Institute  of  Technology 
for  providing  laboratory  facilities 
for  part  of  this  work. 
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Special  pentode  operating  as  two  triodes  in  cascade  gives  gains  up  to  500  with  45-volt 
plate  supply.  Grid  No.  2  of  pentode  serves  as  anode  for  first  triode,  while  grid  No.  3  and 
plate  form  second  triode  system.  Factors  affecting  circuit  design  are  analyzed 


ngineering  Department 
Zenith  Radio  Corporation 
Chicago,  Illinoie 


PENTODES  with  sharp  cutoff  and 
low  plate  current  are  in  general 
use  in  i2C-coupled  audio  amplifiers 
where  high  gain  per  stage  is  desir¬ 
able.  With  properly  chosen  screen 
and  plate  load  resistances,  the  gain  is 
generally  of  the  same  order  as  the 
plate  supply  voltage  expressed  in 
volts.  This  means  that  with  the  plate 
supply  of  45  volts  or  less  used  in 
many  small  portable  receivers,  the 
gain  per  stage  is  usually  limited  to 
40  or  50  for  pentodes  in  conventional 
circuits. 

The  new  and  unusual  circuit  to  be 
described  permits  voltage  gains  in 
the  order  of  300  to  500  and  a  safe 
minimum  gain  of  250  in  a  single 
pentode  of  special  design,  operating 
from  a  45-volt  plate  supply. 


Two-Stage  Amplifier 

In  the  basic  two-stage  pentode  cir¬ 
cuit  shown  in  Fig.  1,  the  first  grid, 
G„  is  a  conventional  control  grid ;  the 
following  grid  Gj  acts  as  an  anode 
with  respect  to  G„  so  that  G,  and  G, 
may  be  considered  to  act  like  a  triode. 
Grid  Gi  is  connected  to  the  plate 
supply  through  a  load  resistor  /?;, 


Special  experimental  pentode  tube  originally  built  by  Zenith  and  later  manu¬ 
factured  by  Raytheon  under  type  number  CKSllX  for  reentront  amplifier  use 


This  simple  explanation,  which 
seems  to  indicate  that  the  circuit 
should  act  like  two  triode  stages  in 
cascade,  fails  to  take  account  of  one 
very  important  factor — the  first 
triode  stage  proves  to  be  inherently 
regenerative,  so  much  so  that  the  cir¬ 
cuit  will  normally  oscillate. 

To  see  why  this  is  so,  let  us  assume 
that  the  second  control  grid  G,  is 


so  that  amplified  audio  voltages  ap¬ 
pear  across  i?,..  Through  coupling  ca-; 
pacitor  Cr.,  these  voltages  are  trans¬ 
ferred  to  the  third  grid  Gr,,  which 
acts  as  a  second  control  grid.  Grid 
Ga  and  the  plate  P  together  form  a 
second  triode  system,  amplifying 
once  more  the  audio  signals  which 
finally  appear  across  the  plate  load 
resistor  R,. 


FIG.  1 — Bogie  two-stag*  circuit  for  tingl* 
pentod*.  with  choroctoristic  currot  of  th* 
>wo  triode  systems.  Grid  3.  ordinarily  th* 
•uppressor  grid,  must  hare  a  fine  mesh 
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made  a  little  more  negative  by  some 
external  influence.  This  will  reduce 
the  current  which  goes  through  G»  to 
the  plate,  so  that  those  electrons 
which  can  no  longer  reach  the  plate 
are  forced  to  return  to  G„  increasing 
the  current  /« to  this  grid.  The  slopes 
of  the  two  characteristic  curves  are 
therefore  opposite,  as  shown  in  Fig. 
1,  so  that  the  total  current  remains 
substantially  constant  and  inde¬ 
pendent  of  the  potential  on  grid  G,. 
This  grid  merely  distributes  the  total 
available  current  between  Ga  and  the 
plate.  It  exhibits  a  normal  positive 
transconductance  with  respect  to  the 
plate,  but  it  also  has  a  negative 
transconductance  with  respect  to 
grid  G..  which  precedes  it.  This,  in- 


FIG.  2 — Equircdent  circuit  of  roontront 
pentodo  a-i  amplifier,  showing  the  nega- 
tire  conductance  as  a  new  circuit  element 
designated  — C 


FIG.  3 — Method  of  using  shunt  capacitor 
between  second  grid  cmd  ground  to  sup¬ 
press  oscillation 


cidentally,  is  a  property  common  to 
all  control  grids  which  follow  posi¬ 
tive  grids  or  screens,  such  as  the 
signal  grid  in  pentagrid  converters. 

Eqaivakiit  Circuit 

Because  G,  and  G,  are  connected 
together  through  capacitor  C«,  they 
represent  a  single  point  in  the  cir¬ 
cuit  with  respect  to  audio  voltages, 
and  the  negative  transconductance 
of  G*  with  respect  to  G*  becomes  a 
negative  conductance  from  these  two 
grids  to  ground. 

In  the  equivalent  circuit  of  Fig.  2, 
this  negative  conductance  is  intro¬ 
duced  as  a  new  circuit  element  —C, 
and  the  first  triode,  the  negative  con¬ 
ductance  and  the  second  triode  are 
shown  separately.  Actually,  of 
course,  all  three  are  functions  of  a 
single  tube  with  three  grids. 

Grid  Gj,  considered  as  the  first 
triode  plate,  has  a  certain  internal 
resistance  Rat  just  like  any  other 
triode  plate.  Its  load  consists  of  the 
resistor  R,  in  parallel  with  the  nega¬ 
tive  conductance  —C.  By  combining 
these  two  elements  into  a  single  re¬ 
sistance  R^  designated  as  total  plate 
load  and  equal  to  l/[(l/i2,)  —  C],  we 
can  compute  the  triode  gain  as 
liRo/(Ro  +  Roa).  This  means  that 
when  the  numerical  value  of  —C  is 
very  small,  the  gain  is  normal  (less 
than  /ii) ;  when  C  is  equal  to  l/Rt,  the 
total  plate  load  is  infinitely  large, 
and  gain  is  equal  to  /i;  when  C  is 
larger  than  1/R,  but  less  than 
(l/Rt)  +  (1/Roa),  the  total  plate 
load  is  negative  and  larger  than  Rot* 
and  gain  is  more  than  /x;  when  C  is 
larger  than  (l/Rt)  +  (1/Rot)*  the 
total  plate  load  is  negative  and  less 


than  Rat,  and  the  stage  oscillates. 
Gains  far  in  excess  of  the  normal 
triode  gain  are  thus  obtainable  in  the 
first  triode  section  if  —  C  can  be 
properly  controlled. 

Coatrol  of  R«g*Mratioa 

Let  us  now  remember  that  -C 
represents  the  amount  of  current 
which  is  switched  from  the  plate  to 
G,  when  G,  is  made  one  volt  more 
negative.  In  practice,  some  of  the 
electrons  which  are  turned  back  at 
G,  pass  the  vicinity  of  the  cathode 
before  they  finally  land  on  G„ 
thereby  increasing  the  negative 
space  charge  around  the  cathode. 
The  total  current,  therefore,  does 
not  stay  constant  (as  shown  in  Fig. 
1)  but  drops  when  G*  becomes  more 
negative,  forcing  more  electrons  to 
turn  back. 

If  this  effect  were  absent,  —  C 
would  be  numerically  equal  to  the 
transconductance  of  G».  Actually, 
it  is  always  somewhat  smaller ;  but — 
and  this  is  the  important  point — it  is 
the  dynamic  transconductance  which 
counts.  If,  by  means  of  a  large  plate 
load  resistance  Rf,  we  reduce  the 
dynamic  the  numerical  value  of 
—C  will  drop  correspondingly. 

In  conventional  triodes  the  gain, 
which  is  equal  to  the  product  of  Rr 
and  dynamic  g„,  remains  constant 
over  a  wide  range  of  plate  loads.  The 
dynamic  gn*  drops  as  R^  is  increased, 
so  without  much  effect  on  the  gain 
of  the  second  triode  system  we  can 
reduce  dynamic  gm  and,  therefore, 
— G  to  any  value  desired  by  varying 
the  plate  load  resistance  Rr.  This 
gives  us  a  means  for  adjusting  the 
gain  in  the  first  triode  system  within 
wide  limits. 

The  following  data,  taken  with  an 
experimental  tube  and  with  Rt  = 
220,000  ohms,  may  serve  as  an  illus- 


tration : 

Hr 

meg. 

Gain 

Gi  to  Gj 

Gain 

Gj  to  P 

Overall 

Gain 

3.0 

16 

9 

1.30 

2.0 

22 

9 

200 

1.0 

.30 

8 

400 

0.8 

Osc 

(8) 

Osc 

A  plate  load  resistor  of  1.5  meg¬ 
ohms  might  be  recommended  for  this 
tube,  with  a  resulting  overall  gain  of 
about  250. 

Design  Precautions 

In  the  practical  use  of  this  cir¬ 
cuit,  certain  precautions  must  be  ob- 


FIG.  4 — Complete  circuit  diogram  of  a  practicol  two-stage  Toltage  ompliiier  using  a 
special  pentode  and  feeding  into  a  third  triode  stage 
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served.  As  explained  above,  stability 
is  obtained  by  the  use  of  a  plate  load 
resistance  R,  which  is  sufficiently 
high  to  keep  the  dynamic  safely 
below  a  critical  value.  At  high  fre¬ 
quencies,  however,  generally  above 
the  audible  range,  the  stray  capaci¬ 
tance  from  plate  to  ground  reduces 
the  effective  plate  load  impedance 
and  creates  a  tendency  to  oscillate. 

A  simple  method  for  correcting  this 
tendency  is  shown  in  Fig.  3.  A  shunt 
capacitor  C%  provides  a  low-imped¬ 
ance  path  from  G.  to  ground  at  those 
frequencies,  counterbalancing  the  in¬ 
crease  of  -C. 

Another  precaution  may  become 
necessary  if  the  circuit  operates  as  a 
preamplifier  in  connection  with  an 
audio  output  stage  which  does  not 
have  sufficient  grid  bias.  High  posi¬ 
tive  signal  peaks  will  then  drive  the 
output  tube  into  the  grid  current  reg¬ 
ion,  where  a  low-impedance  path  to 
ground  is  suddenly  produced;  this 
path  is  effectively  in  parallel  with  the 
plate  load  and  causes  a  corresponding 
increase  in  regeneration.  The  effect 
can  be  suppressed  by  a  current-limit¬ 
ing  resistor  Ro  inserted  in  series  with 
the  grid  of  the  audio  output  stage. 

Practical  Circait 

Figure  4  shows  the  complete  cir¬ 
cuit  diagram,  including  capacitor  G. 
and  resistor  Ro.  Figure  5  shows  the 
frequency  response  curve  of  such  an 
amplifier,  taken  with  a  tube  whose 
first  triode  system  had  a  /i  of  17  so 
that  the  gain  in  normal  triode  opera¬ 
tion  might  have  been  about  12.  In 
this  circuit,  the  gain  from  Gi  to  Gt 
was  30.  The  gain  in  the  second  triode 
system — from  G,  to  plate — was  10. 

There  exists  considerable  prejudice 
against  the  use  of  regeneration  in 
audio  circuits,  and  if  conventional 
circuits  are  referred  to,  this  attitude 
is  justified.  In  most  such  circuits,  the 
regenerative  loop  includes  several 
load  resistors  and  coupling  capaci¬ 
tors,  sometimes  even  transformers, 
and  nearly  always  two  tubes.  All 
these  elements  exert  an  influence  on 
the  gain  and  on  its  variation  with 
frequency,  but  in  this  circuit,  the 
amount  of  regeneration  is  substan¬ 
tially  determined  by  the  ratio  of  Rp  to 
^  and  if  the  ratio  of  C%  to  the 
capacitance  from  plate  to  ground  is 
chosen  correctly,  the  same  amount  of 
regeneration  exists  over  the  entire 
audio  band. 


FIG.  5 — Frequency  response  curre  oi  am¬ 
plifier  circuit  oi  Fiq.  4 

The  static  transconductance  of  the 
tube  has  little  effect  on  the  perform¬ 
ance  as  long  as  it  remains  large 
enough.  This  is  evidenced  by  the 
plot  of  overall  gain  versus  plate  sup¬ 
ply  voltage,  shown  in  Fig.  6.  The  fre¬ 
quency  response  curve  (shown  in 
Fig.  5)  also  resembles  that  of  a 
straight  two-stage  amplifier  and  fails 
to  exhibit  the  peaked  character  gen¬ 
erally  associated  with  regenerative 
audio  amplifiers. 

Dasiga  of  Spocial  Tube 

Conventional  pentodes  will  not  op¬ 
erate  in  this  circuit  because  their 
suppressor  grid  is  not  capable  of  act¬ 
ing  as  an  efficient  control  grid.  In  a 
tube  designed  for  this  type  of  service, 
Gi  is  a  fine-mesh  grid  similar  to  the 
signal  grid  in  a  pentagrid  converter 
like  the  1R5.  Grids  1  and  2  are  con¬ 
structed  like  a  conventional  control 
grid  and  screen  grid. 

To  obtain  good  gain  in  the  second 
triode  system,  it  would  be  desirable 
to  make  the  /i  of  this  system  (G«  with 
respect  to  plate)  rather  high.  On  the 
other  hand,  the  low  plate  supply  volt¬ 
age  at  which  such  a  tube  is  most  use¬ 
ful  sets  a  practical  limit  to  the  fi  at 
which  the  second  triode  system  can 
still  operate  properly.  This  limita¬ 
tion  made  it  difficult  to  obtain  gains 
much  in  excess  of  5  in  the  second 
triode  system,  using  a  minimum  fig¬ 
ure  of  30  volts  for  the  plate  supply 
voltage,  until  it  was  found  that  the 
low-voltage  performance  could  be 
considerably  improved  by  reducing 
the  spacing  between  G,  and  G,.  In  a 
tube  so  constructed,  the  potential  in 
the  gaps  between  the  wires  of  Gi  is 
rendered  more  positive  by  the  close¬ 
ness  of  Gt*,  a  lower  plate  voltage  is 
then  sufficient  to  draw  the  desired 
amount  of  plate  current  through 
these  gaps.  The  effect  is  the  same  as 
that  which  enables  space  charge  tri- 
odes  to  operate  at  low  supply  volt¬ 
ages. 


FIG.  6 — Variation  of  gain  with  plate  sup¬ 
ply  yoltage  in  circuit  of  Fig.  4 


FIG.  7 — Cross-section  of  electrode  structure  • 
of  experimental  pentode  built  for  use  in 
reentrant  amplifier  circuit 


Figure  7  shows  a  cross-section 
through  the  electrode  structure  of  an 
experimental  tube  which  was  built 
at  Zenith.  A  tube  with  very  similar 
electrode  spacings,  based  on  this 
model,  was  later  manufactured  by 
Raytheon  under  the  type  number  CK- 
511X.  An  amplification  factor  /i  of 
17  was  selected  for  both  triode  sys¬ 
tems — Gi  with  reference  to  Gs  and  G, 
with  referencfe  to  plate.  This  choice 
represents  a  compromise  between 
maximum  gain  at  full  plate  supply 
voltage  and  minimum  drop  in  gain  at 
reduced  plate  supply  voltage.  Over¬ 
all  gain  (Fig.  6)  remains  fairly  con¬ 
stant  down  to  about  35  volts  and  is 
still  good  at  about  30  volts.  At  lower 
voltages  it  drops  off  sharply.  Higher 
fi  would  have  permitted  more  gain  at 
45  volts,  but  it  would  not  have  been 
possible  to  maintain  satisfactory 
gain  down  to  30  volts. 

Experience  with  this  tube  and  cir¬ 
cuit  indicates  that  it  is  possible  to 
maintain  a  gain  figure  at  least  five 
times  in  excess  of  what  a  conven¬ 
tional  pentode  circuit  would  yield  at 
the  same  plate  supply  voltage.  The 
reentrant  amplifier — to  adopt  a  fairly 
descriptive  term  for  lack  of  a  better 
one — does  not  provide  as  much  gain 
as  two  conventional  pentode  stages, 
but  it  will  fully  replace  two  triode 
stages,  and  wherever  that  amount  of 
gain  is  adequate  it  may  find  useful 
application. 
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Electronic  circuits  and  a  15-nic  ultrasonic  beam  rotating  over  a  special  underwater  ma 
generate  signals  that  can  be  fed  into  a  standard  Navy  radar  in  a  classroom  to  simula 
ppi  patterns  that  would  be  seen  on  maneuvers  or  bombing  runs  over  any  desired  targ 


oped  by  Radiation  Laboratory 
MIT,  and  Special  Devices  Divisi* 
ORI,  U.  S.  Navy,  to  produce  on  th 
scope  of  a  stationary  radar  a  patte. 
identical  to  that  on  an  airbor^ 
radar  set  in  flight.  To  achieve  th‘ 
simulation  the  device  “flies”  a  trans¬ 
mitter  over  a  scale-model  terrain 
submerged  in  an  “atmosphere”  of 
water. 

When  an  aircraft  radar  set  is 
flown  over  the  surface  of  the  ea. 
short  pulses  of  radio  energy  a*  ‘ 
transmitted  from  the  radar  anteni. 
Radio  energy  is  reflected  back  to  t" 
antenna  from  the  terrain  below  d  * 
ing  the  period  between  transmit' 
pulses.  The  beam  from  the  antei. 
scans  the  surface  of  the  earth  as 
antenna  is  rotated  in  the  airplane. 

In  an  analogous  manner,  the  ultra¬ 
sonic  system  transmits  pulses  of 
high-frequency  sound  energy  which 
are  shaped  in  a  typical  beam  patt*  - 
and,  traveling  in  water,  strike  ihe 
surface  of  the  model  below.  Exactly 
as  in  the  radar  system,  a  small 
amount  of  energy  is  reflected  back  to 
its  source,  where  it  is  received  and 
converted  to  electrical  oscillations. 


CloMup  of  troUoy  that  carries  crystal  cartridge  and  reflector  through  the  water 
over  the  mop.  Since  the  mop  may  coTer  hundreds  or  STOn  thousands  of  miles  of 
territory,  with  trolley  moving  over  map  in  correct  speed  relation  to  throttle  setting 
of  a  plane  flying  over  actual  territory,  the  trolley  moves  very  slowly  daring  use 
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Description  of  Equipment 

The  system  which  controls  the 
flight  of  the  simulated  aircraft  per¬ 
mits  introduction  of  wind  drift  as 
well  as  a  wide  range  of  speeds  and 
aircraft  headings.  The  signal  com¬ 
ponents  of  the  trainer  include  a  cry 
tal  driver  which  when  triggered  pr. 
duces  a  brief  15-mc  oscillation,  a 
quartz  crystal  transducer  for  send¬ 
ing  out  the  ultrasonic  beam,  a  pre- 
amplifler  converter,  and  matching 
networks,  as  shown  in  Fig.  1. 

The  timing  pulse  from  any  of  the 
Navy’s  recent  airborne  radar  sets 
may  be  used  to  trigger  the  crystal 
driver.  A  blocking  oscillator  stage 
forms  a  sharp  (approximately  1 


FIG.  1 — Um  of  an  ultrasonic  bocnn  rotating  over  a  specially  prepared  map  in  a  pan 
of  water  permits  compressing  into  reasonable  space  in  the  trainer  the  identical  actions 
of  a  radar  system  used  for  blind  bombing  or  navigation.  The  trainer  takes  a  timing 
pulse  from  any  standard  Navy  radar,  and  feeds  back  into  the  radar  i-f  system  the 
signals  needed  to  simulate  the  ppi  pattern  desired 
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FIG.  2 — Qrcuit  of  quick-acting  switch  tube  cmd  the  Hartley  oscillator  that  it  controls 
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.  ^second)  pulse  which,  by  the 
-  a  switch  tube,  starts  and  stops 
‘  ■>-mc  oscillator.  The  amplified 


i  pulse  is  conducted  through  a 
.ial  line  to  a  matching  network. 


,|hen  to  an  X-cut  quartz  crystal 
jducer  that  is  resonant  at  16-mc. 
'pe  crystal  transducer,  mounted 
,u  ^  sealed  metal  cartridge,. has  its 
lower  gold-plated  surface  exposed  to 
the  water  surrounding  the  crystal 
•Iridge.  The  15-mc  sound  pulse 
produced  by  the  vibrating  crystal 
*  '"ols  to  a  glass  reflector  immedi- 
pi  oelow.  This  reflector  shapes 


’^^am  to  correspond  to  that  of  a 


•  Af^ular  radar  set  and  reflects  it 

*  ^^h  the  water  to  the  terrain 
■  A  carefully  constructed  model, 

j  .^duplicates  the  desired  portion 
<  t^e  earth’s  surface,  is  placed  at 
..  4tom  of  a  tank  below  the  crys¬ 
tal  cartridge. 

0i\  the  model  terrain  a  smooth 
surface  represents  sea  areas,  and 
mirroi:  reflection  occurs,  none  of  the 
ener^  returning  to  the  crystal.  A 
land  area  is  simulated  by  an  ex¬ 
tremely  small-particled  rough  sur¬ 
face,  which  reflects  a  slight  amount 
of  sound  energy  back  to  the  reflector 
and  quartz  crystal.  As  the  reflected 
sound  waves  strike  the  crystal  trans¬ 
ducer,  they  cause  an  oscillation  which 
sends  electrical  impulses  back  to  the 
crystal  driver  and  preamplifier.  Since 
the  crystal  driver  is  not  at  that  time 
trans^aitting,  its  plate  output  net¬ 
work  presents  a  high  impedance  to 
returning  signal  which  is  also 
apnb  jd  to  the  preamplifier  converter. 

i'he  returning  15-mc  signal  passes 
throujjh  four  stages  of  amplification 
before  going  to  a  mixer  tube  which 
combines  the  signal  with  a  locally 
generated  45-mc  oscillation.  These 
four  stagger-tuned  stages  are  used 
to  bring  the  mixer  signal  input  up  to 
the  2ame  level  as  that  of  the  46-mc 
oscillator.  The  output  of  the  pre¬ 
amplifier  thus  provides  both  30-  and 
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Ultraaonic  Trainer  APS-T3  in  use  with  AP8-1SB  radar  (riqht).  The  OTerhead  trolley 
mores  the  ultrasonic  crystal  and  rototinq  reflector  through  the  water  corering  the 
map  in  response  to  changes  in  flight  control^  made  by  trainee  in  corered-cockpit 
mockup  that  simulates  all  instrument  readings,  scope  patterns,  and  sounds  of 
complete  flight  to  an  assigned  destination  and  back 


60-mc  signals  which  will  feed  the  i-f 
strip  of  any  standard  Navy  radar 
gear. 

The  scanning  of  the  ultrasonic 
beam  is  accomplished  by  rotating  the 
crystal  cartridge  and  reflector  around 
a  vertical  axis.  Since  the  trainer  is 
adaptable  to  B-scope  radar  sets,  some 
of  which  do  a  high  speed  sector  scan, 
as  well  as  the  ppi  presentation  sets, 
the  rotation  of  the  crystal  and  re¬ 
flector  is  controlled  by  a  serv'o-ampli- 
fier  system  explained  in  detail  later. 
This  system  drives  the  ultrasonic 
crystal  and  reflector  to  a  position 
which  is  within  a  fraction  of  a  de¬ 
gree  of  the  direction  of  the  antenna 
on  the  operational  radar  set. 

The  circuits  employed  to  achieve 
synthetic  radar  pictures  are  in  the 
main  conventional  with  the  excep¬ 
tion  of  three  now  to  be  considered, 
which  may  have  general  industrial 
or  other  applications.  These  are  the 
switch-tube  control  circuit,  the  re¬ 


actance-tube  frequency  control  cir¬ 
cuit,  and  the  antihunt  circuit  for  the 
servo  system. 


Switch-Tube  Control  Circuit 


In  developing  the  crystal  driver 
for  the  Ultrasonic  Trainer,  one  of 
the  most  serious  problems  was  to 
start  and  stop  the  15-mc  oscillator 
with  the  necessary  abruptness.  ■  This 
was  a  requirement  since  a  point 
target  will  appear  as  long  in  range 
as  the  duration  of  the  output  pulse. 
For  example,  a  point  object  would 
appear  one  sixth  of  a  mile  long  in  the 
range  dimension  if  a  two-microsec¬ 
ond  pulse  were  reflected  from  it. 
This  is  true  since  radio  energy  re¬ 
quires  approximately  12.4  microsec¬ 
onds  to  travel  out  and  back  a  distance 
of  one  mile. 

The  stopping  and  starting  of  the 
oscillator  is  accomplished  by  means 
of  the  switch  tube  shown  in  Fig.  2. 
Here  FT*  is  a  conventional  Hartley 


■■  ■■'■I 


FIG.  3 — Circuit  of  roactonce  tubo  usod  to  Tory  tho  frequoncy  of  a  Hortloy  oscillator 
in  occordanco  with  d-c  input  roltaqo  Toriations  to  simulats  afc  and  manual  tuninq 

actions  in  a  radar 
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FIG.  4 — Arrongemont  of  synchros  and  sorro  amplifier  in  scanning  system  of 

ultrasonic  trainer 


oscillator,  but  the  oscillator  coil, 
which  is  slug-tuned  to  15  me,  is  in 
the  cathode  circuit  of  VTi. 

In  effect,  VTi  functions  as  a  vari¬ 
able-impedance  load  which  shunts 
the  tank  coil  of  the  oscillator.  When 
the  switch  tube  is  conducting,  the 
low  effective  shunt  value  will  prevent 
sustained  oscillations.  If  this  effec¬ 
tive  shunt  value  is  of  such  magnitude 
that  it  will  critically  damp  the  tank 
coil,  oscillations  will  die  out  very 
rapidly  as  VTi  begins  to  conduct. 

In  operation,  a  negative  pulse  is 
applied  to  the  control  grid  of  the 
switch  tube.  At  the  beginning  of  the 
pulse,  the  sudden  decrease  in  cathode 
current  will  shock-excite  the  oscil¬ 
lator  and  insure  a  rapid  build-up  of 
oscillation.  As  the  pulse  passes,  VTi 
begins  conducting  and  quickly  damps 
all  oscillation.  This  circuit  is  capable 
of  responding  not  only  to  a  square 
negative  pulse,  but  will  follow  the 
shape  of  any  negative  pulse  im¬ 
pressed  on  the  grid  of  the  switch 
tube. 

An  alternate  explanation  of  the 
switch  tube  action  can  be  based  on 
magnetic  fields.  When  the  switch 
tube  is  conducting,  a  steady  mag¬ 
netic  field  around  the  oscillator  coil 
will  prevent  oscillation ;  when  the 
switch  tube  is  cut  off,  the  collapse  of 
the  magnetic  field  will  initiate  oscil¬ 
lation  of  VTt. 

Raaetonee-THb*  Frequency  Control 

It  is  desirable  that  as  many  of  the 
radar  controls  operate  normally  as 
is  possible,  and  since  the  radar  sets 
have  a  discriminator  circuit  used  to 
control  the  klystron  frequency,  it  is 
possible  to  vary  the  frequency  of  the 
45-mc  local  oscillator  automatically 
to  simulate  afc  and  manual  tuning. 

This  variation  is  accomplished  by 
the  use  of  a  reactance  tube  shunted 
across  the  tank  coil  of  the  oscillator, 
and  a  d-c  amplifier^  used  to  convert 
various  radar  repeller  voltages  to  a 
uniform  voltage  range  for  control  of 
the  reactance  tube,  as  in  Fig.  3. 

The  d-c  amplifier  converts  the  cen¬ 
ter  of  a  voltage  swing  from  —120  to 
—180  volts  to  a  swing  of  approxi¬ 
mately  0  to  —19  volts.  For  operation 
with  another  radar  set  having  a 
repeller  swing  of  lower  negative  volt¬ 
ages,  the  shorting  leads  across  two 
resistors  are  removed,  and  both  cath¬ 
ode  and  grid  operate  at  less  negative 
voltages. 


The  variable  reactance  tube  VT*  is 
connected  in  parallel  with  the  tank 
coil  of  the  Hartley  oscillator.  The 
reactance  tube  and  its  associated  cir¬ 
cuit  behave  as  a  variable  capacitor 
whose  capacitance  is  determined  by 
the  mutual  conductance  of  the  tube. 
Since  the  mutual  conductance  of  a 
variable-mu  tube  can  be  controlled 
by  varying  its  grid  bias,  it  is  possible 
to  change  the  frequency  of  the  oscil¬ 
lator  tank.  In  practice  this  oscillator 
can  be  easily  varied  in  frequency 
from  approximately  42-mc  to  48-mc. 

The  frequency  change  which  can 
be  obtained  by  the  use  of  a  reactance 
tube  is  limited  by  the  resistive  load 
which  the  variable-reactance  tube 
presents  in  parallel  with  the  oscil¬ 
lator  coil.  As  the  grid  voltage  of  the 
reactance  tube  changes,  the  effective 
resistive  load  also  changes,  and  if  it 
becomes  too  low,  the  oscillator  may 
stop  functioning. 

The  Scanning  System 

A  servo  system,  shown  in  Fig.  4, 
causes  the  crystal  and  reflector  to 
follow  the  rotation  of  the  radar  an¬ 
tenna  spinner.  A  synchro  attached 
to  the  antenna  spinner  is  connected 


through  a  differential  generator  syn¬ 
chro  to  a  control  transformer.  If  the 
rotor  of  the  antenna  synchro  is 
turned  slightly  the  magnetic  field  in 
the  control  transformer  is  also  ro¬ 
tated,  and  a  small  error  voltage  is 
picked  up  by  the  transformer  rotor 
and  amplified  by  the  servo  amplifier. 
The  amplified  output  feeds  one  wind¬ 
ing  of  a  two-phase  motor,  the  other 
winding  being  kept  constantly  ener¬ 
gized  at  the  same  phase  as  the  input 
to  the  antenna  synchro  so  the  motor 
will  restore  in  the  correct  direction. 

The  two-phase  motor  drives  both 
the  control  transformer  and  the 
vertical  sleeve  which  carries  the 
crystal  cartridge  and  reflector  to  the 
correct  position.  The  control  trans¬ 
former  operates  at  four  times  crystal 
and  reflector  speed  to  obtain  greater 
accuracy ;  a  still  higher  ratio  had  too 
much  inertia.  The  differential  gen¬ 
erator  synchro,  when  rotated  by  a 
change  in  the  simulated  airplane 
heading,  feeds  the  control  trans¬ 
former  a  displacement  which  repre¬ 
sents  the  change  in  heading  on  the 
radar  scope. 

One  of  the  difficulties  which  arises 
with  a  servo  amplifier  is  that  of 
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hunting  or  oscillating  of  the  motor  by  assuming  an  input  error  voltage 
shaft  and  the  mechanical  system  as  consisting  of  an  amplitude-modulated 
these  components  overshoot  their  carrier  wave.  The  input  error  volt- 
correct  position.  An  interesting  filter  age  is  given,  at  any  time,  by 
circuit  in  this  servo  gives  very  posi-  .<  =  jj,  cos .« <  1ft  cos  +  »)]  •(!) 
tive  antihunt  control  and  provides  i 

greater  than  usual  accuracy  for  the  ~  “2  ~  ~ 

servo  system.  j 

If  an  ordinary  amplifier  is  used  to 

drive  the  motor  of  a  servo  system.  Here  Ei  and  Ea  are  the  maximum 
large  torques  can  only  be  obtained  by  values  of  the  carrier  and  modulation 
tolerating  a  large  error  since  the  voltages  respectively,  and  w.  and  w. 
error  voltage  input  to  the  amplifier  is  are  the  corresponding  frequencies, 
a  direct  function  of  the  displacement  The  two  terms  in  the  expanded  sec- 
of  the  control  transformer  (in  the  ond  equation  represent  the  two  side- 
case  under  discussion)  from  its  cor-  bands,  one  lying  above  and  the  other 
rect  position.  If,  however,  a  network  below  the  carrier  frequency.  The 
which  gives  a  derivative  or  antihunt  antihunt  or  derivative  voltage  which 
voltage  is  part  of  the  amplifier,  large  will  provide  damping  is  given  by 
output  can  be  obtained  from  the  n?  mi 

amplifier  at  relatively  small  error  t 

voltages,  since  the  derivative  voltage  “  “  2  ~  ® 

is  proportional  to  the  velocity  of  the  i 

control  transformer  error,  not  the 

displacement.  In  other  words,  a  The  expanded  equation  for  indi- 
large  correcting  torque  can  be  ap-  cates  the  required  phase  change  for 
plied  by  the  motor  in  the  system,  if  the  sidebands. 

the  error  is  increasing  rapidly,  al-  From  Fig.  5A  and  5B,  it  may  be 
though  the  error  may  still  be  quite  seen  that  the  antihunt  voltage  ipay 
small.  be  at  a  maximum  near  the  input 

error  voltage  minimum,  which  cor- 
Auly>is  of  Error  Volfogot  responds  to  a  small  displacement 

An  effective  study  of  the  require-  error, 
ments  of  such  a  network  can  be  made  Obviously  the  servo  system,  in- 
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FIG.  8 — ^Antihunt  filter  circuit  used  in  serro  amplifier 


eluding  both  motor  and  amplifier, 
should  have  a  wide  frequency  re¬ 
sponse.  Since  the  overall  frequency 
response  is  the  product  of  the  re¬ 
sponses  of  the  motor  and  the 
amplifier  (Fig.  5E),  the  amplifier 
(Fig.  5D)  can  compensate  for  the 
inherently  poor  characteristics  of 
the  motor  (Fig.  5C). 

The  frequency  response  curve  of 
the  amplifier  (Fig.  5D)  may  be  ap¬ 
proximated  by  adding  a  direct  error 
voltage  to  the  frequency  response  of 
a  parallel  T  filter  (Fig.  5F).  The 
parallel  T  filter  as  used  in  this  servo 
amplifier  is  not  new,  but  it  has  been 
engineered  to  give  exceedingly  good 
performance  in  this  application. 

Servo  Antihunt  Circuit 

In  the  servo  system,  Fig.  6,  an  in¬ 
coming  error  voltage  is  amplified  by 
the  input  transformer,  which  is 
tuned  to  60  cps  by  a  capacitor  across 
the  secondary.  The  potentiometer 
between  the  input  transformer  and 
the  triode  amplifier  serves  as  a  gain 
control.  The  output  of  the  triode  is 
fed  to  both  the  filter  network  and  a 
second  potentiometer.  The  amplified 
error  voltage  between  A  and  B  is 
applied  to  the  network.  If  the  input 
is  exactly  60  cps,  as  when  the  control 
transformer  is  following  the  synchro 
with  a  small  constant  lag,  the  high 
impedance  of  the  filter  at  60  cps 
results  in  zero  antihunt  voltage. 

The  direct  input  voltage  between 
point  B  and  ground  is  passed  to  the 
second  triode  and  amplified.  If  the 
control  transformer  increasingly 
lags  or  leads,  however,  the  input 
voltage  (see  Eq.  2)  will  have  com¬ 
ponents  higher  and  lower  than  60 
cps.  Since  the  parallel  T  net¬ 
work  has  a  much  lower  impedance  to 
these  frequencies,  they  will  be  applied 
to  the  second  triode  and  this  anti¬ 
hunt  voltage  will  be  amplified  and 
used  to  control  the  motor.  In  prac¬ 
tice,  the  second  potentiometer  is 
adjusted  to  give  the  correct  balance 
of  antihunt  and  direct  input  voltage. 
Too  large  a  percentage  of  antihunt 
results  in  a  system  that  falls  too  far 
short  of  its  correct  position ;  too 
little  antihunt  causes  oscillation  of 
the  system  about  the  correct  point. 

This  antihunt  filter  network 
markedly  improves  the  action  of  a 
servo  system  following  any  irregular 
motion,  and  should  have  wide  appli¬ 
cation  in  amplifiers  for  servo  motors. 
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VIDEO  ANALYZER 


Cathode-ray  test  set  combining  a  five-signal  transient  generator  with  a  wide-hand  oscilloscope, 
used  for  checking  accuracy  of  various  types  of  steep  waveforms  reproduced  by  wide-band 
amplifiers  used  in  television  and  communications  equipment 


WT  present  considerable  work  in 
AA  the  communications  field  is  con¬ 
cerned  with  systems  for  the  trans¬ 
mission  of  transient  waveforms.  Es¬ 
pecially  in  television  are  the  require¬ 
ments  severe  as  to  the  accuracy  of 
reproduction  of  steep  waveforms 
without  overshoots  or  ringing. 

Testing  and  design  of  such  equip¬ 
ment  customarily  involves  laborious 
use  of  ordinary  steady-state  signal 
generators.  Sometimes  oscillators 
with  continuously  swept  frequency 
are  used,  but  in  general  such  meth¬ 
ods  have  two  disadvantages:  (1)  the 
shape  of  the  transmission  (gain)-vs- 
frequency  characteristic  is  not  singly 
related  to  the  transient  performance 
which  is  the  real  objective;  (2)  the 
phase  characteristic  is  ignored  by 
such  measurements,  and  even  if  it 
were  known,  the  preceding  objection 
would  also  apply  to  it. 

A  step  in  the  right  direction  is  the 
use  of  square  waves  in  conjunction 


FIG.  1 — EsMntfal  componanU  of  tronsioiit 
▼idoo  onolyMr.  shown  in  rolotfon  to  wldo- 
bond  aystom  undor  teat 
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with  an  oscilloscope  having  excellent 
transient  response  and  a  sweep  of 
adequate  speed.'*  *  Such  systems  give 
a  fairly  good  direct  indication  of  the 
quality  of  transient  reproduction. 

The  instrument  described  in  this 
article  is  intended  to  carry  forward 
tl}e  same  idea.  However,  in  addition 


to  square  waves  of  certain  desirable 
frequencies,  it  provides  a  sharp  im¬ 
pulse  or  spike  function  for  checking 
the  high-frequency  portion  of  a  video 
system,  and  a  sawtooth  wave  for 
checking  linearity.  The  transient 
generator  feeds  a  signal  through  the 
wideband  system  into  an  oscilloscope 
used  as  an  indicator  of  quality  of 
transient  reproduction.  The  tran¬ 
sient  generator  and  the  oscilloscope 
have  been  incorporated  for  conven- 
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Transient  ridso  analyser  in 
use.  with  light  shield  around 
screen  of  c-r  tube 


ience  into  a  single  unit  with  asso¬ 
ciated  components. 

Although  an  aperiodic  transient 
would  be  quite  sufficient  for  analysis, 
periodic  transients  become  necessary 
for  visual  observation  with  an  oscil¬ 
loscope.  The  transient  period  is  con¬ 
trolled  by  a  stable  timing  oscillator, 
also  used  for  timing  the  horizontal 
sweep,  as  shown  in  Fig.  1.  An  initia¬ 
tion  phase  control  is  inserted  into  the 
link  between  the  oscillator  and  the 
transient  generator  to  control  the 
timing  of  the  transient  test  signal 
with  respect  to  the  sweep,  and  so  fa¬ 
cilitate  the  study  of  the  system  out¬ 
put. 

The  transient  output  of  the  wide¬ 
band  system  under  test  goes  to  the 
vertical  deflecting  plates  of  a  cath¬ 
ode-ray  oscilloscope  through  an  am¬ 
plifier  whose  gain  can  be  varied  to 
suit  conditions.  The  complete  block 
diagram  of  the  system  is  given  in 
Fig.  2. 


Gaiieratien  of  Pariodie  Troaslmts 

Five  transient  signals  are  avail¬ 
able  from  the  generator  in  the  tran¬ 
sient  video  analyzer,  as  follows : 

(1)  A  30-cycle  square  wave  pri¬ 
marily  used  for  low-frequency  analy¬ 
sis. 

t  (2)  A  5-kc  sawtooth  wave  used  as 
i  signal  for  linearity  checks.  A 
stepped  wave  would  serve  the  pur¬ 
pose  no  better  and  would  only  fur¬ 
ther  complicate  the  completed  instru¬ 
ment. 

(3)  A  10-microsecond  pulse  keyed 
at  the  rate  of  5,000  per  second,  for 
use  in  checking  middle  frequency  re¬ 
sponse  (10  to  1,000  kc). 

(4)  A  step  function. 

(5)  A  spike  function  used  to  de¬ 
termine  high-frequency  performance. 
The  high-frequency  response  limita¬ 
tion  is  primarily  in  the  vertical-chan¬ 
nel  amplifier  of  the  oscilloscope. 

These  waveforms  appear  on  the 
cathode-ray  oscilloscope  when  the 


rived  from  two  timing  oscillators. 
Each  recurrence-frequency  channel 
has  its  own  horizontal  and  vertical 
trigger  generators  for  sweep  and 
transient  signal  initiation.  Although 
both  vertical  and  horizontal  trigger 
generators  are  similar  to  each  other 
in  each  channel,  separate  trigger  gen¬ 
erators  are  necessary  to  provide  a 
signal  trigger  which  can  be  advanced 
or  delayed  in  time  with  respect  to  the 
horizontal  sweep  trigger. 

Timiag  and  Sw**p  Cireaits 

A  switch  selecting  the  desired  tran¬ 
sient  signal  also  selects  the  correct 
timing  and  sweep  circuits  for  proper 
analyzer  operation.  Circuits  which 
are  not  necessary  for  operation  auto¬ 


output  of  the  generator  is  connected 
directly  to  the  input  of  the  analyzer. 
However,  in  the  instrument  the  10- 
microsecond  pulse  and  1-microsecond 
sweep  are  both  used  twice ;  only  four 
signals  and  four  sweeps  are  gener¬ 
ated,  but  the  circuit  is  arranged  for 
switching  from  one  type  of  operation 
to  another,  as  shown  in  Fig.  2. 

All  transient  outputs  are  one  volt 
peak-to-peak  across  70  ohms  except 
the  spike,  which  can  have  any  height 
(in  this  case  about  9  volts  peak-to- 
peak)  .  The  instrument  was  designed 
to  operate  into  and  out  of  coaxial 
lines  matched  to  television  equip¬ 
ment. 

This  instrument  makes  use  of  two 
transient  recurrence  frequencies  de¬ 
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matically  have  their  high  voltages 
disconnected  to  decrease  the  drain  on 
the  power  supplies.  It  is  necessary 
only  to  connect  the  output  of  the  an¬ 
alyzer  to  the  system  to  be  studied, 
connect  the  output  of  the  system  back 
into  the  input  of  the  analyzer,  and 
set  the  switch  for  the  transient  de¬ 
sired. 

The  30-cycle  square  wave  is  gen¬ 
erated  by  a  multivibrator  which  must 
be  supplied  with  both  positive  and 
negative  triggers  for  one  full  cycle 
of  operation.  This  type  of  square- 
wave  generator  was  selected  to  as¬ 
sure  perfectly  flat-top  square  waves. 
The  stage  is  fed  by  a  negative  supply 
so  that  the  plate  returns  may  be 
grounded,  and  the  output  is  then 
taken  from  a  tap  on  one  of  the  plate 
load  resistors,  ensuring  perfect  fidel¬ 
ity  and  freedom  from  a-c  coupling 
troubles  which  would  be  encountered 
in  passing  the  low-speed  square  wave. 
The  circuit  appears  in  Fig.  3A. 

.  The  trigger  generators  in  the  30- 
cycle  channel  employ  a  double-triode 


for  clipping,  with  a  differentiating 
network  feeding  into  the  grid  cir¬ 
cuits  of  the  multivibrator  and  sweep 
circuits. 

The  sweep  is  a  conventional  gas- 
tube  switch  across  a  capacitor,  with 
a  constant-current  pentode  for  charg¬ 
ing.  This  is  necessary  to  give  a  lin¬ 
ear  sweep  of  sufficient  amplitude  for 
deflection  without  amplification. 

The  timing  oscillator  is  of  the 
phase-shift  type.  Output  is  fed  into 
the  delay  tube  circuit  (Fig.  3B), 
which  serves  as  a  phase  inverter.  The 
delay  tube  provides,  in  its  cathode 
circuit,  a  low-impedance  driving 
source  for  the  first  horizontal  clipper, 
and  between  plate  and  cathode  a 
source  from  which  phase  may  be 
shifted  by  a  resistance-capacitance 
combination  before  the  30-cycle  sine 
wave  is  fed  into  the  first  signal  clip¬ 
per.  The  delay  may  be  varied  by 
varying  the  resistor  in  series  with 
the  capacitor.  Almost  180  degrees  of 
phase  shift  can  be  obtained  in  this 
manner,  with  an  output  having  sub¬ 


stantially  constant  amplitude  value. 

Circalt*  in  S-kc  Channnl 

A  double-triode  bridge  oscillator 
performs  more  stably  at  5,000  cycles 
and  is  therefore  used  for  the  5-kc 
channel  in  preference  to  the  phase- 
shift  type.  Output  is  fed  into  the 
first  horizontal  clipper  and  the  verti¬ 
cal  phase-controlling  stage. 

This  stage  operates  in  the  same 
fashion  as  the  one  in  the  30-cycle 
channel  but  different  circuit  con¬ 
stants  are  necessary  at  the  higher 
frequency.  The  variable  delay  re¬ 
sistor  is  made  up  of  two  variable  re¬ 
sistors  in  series,  one  to  be  used  as  a 
vernier.  The  other  section  of  the 
double  triode  is  merely  for  a  fixed  de¬ 
lay  adjustment  which  puts  zero  delay 
in  the  middle  of  the  range  of  delay 
available,  and  makes  possible  initiat¬ 
ing  the  signal  transient  ahead  of  the 
sweep  when  necessary. 

Both  trigger  generators  employ 
four  stages,  as  in  Fig.  3C.  The  first 
two  are  triode  clippers.  A  pentode  is 


FIG.  3 — ^Wareforms  ot  inputs  and  outputs  of  Torious  stages  in  the  analyser 


FIG.  4 — Plate-loaded  tetrode  probe  drcuit  (A)  with  remoToble  input  attenuator,  and  cathode-follower  type  probe  (B)  whldi  con  also  bt 

used  with  on  attenuator 
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Control  panel  of  the  analyser  eection  of  the  transient  rideo  analyzer 


necessary  in  the  third  stage  to  pre¬ 
vent  feed-through  by  the  grid-plate 
capacitance,  which  is  much  too  great 
in  the  case  of  a  triode.  The  clipped 
wave  in  the  plate  circuit  is  differenti¬ 
ated,  and  the  positive  portions  are 
used  to  drive  another  pentode  as  a 
trigger  amplifier.  The  transformer 
in  the  plate  circuit  of  the  latter  tube 
reverses  the  pulse  polarity. 

By  using  this  rather  elaborate  trig¬ 


ger  generator,  a  0.4-microsecond  syn¬ 
chronizing  pulse  has  been  achieved 
with  a  steep  front  edge  which  pro¬ 
vides  a  good  positive  trigger  for  ini¬ 
tiating  the  succeeding  circuits. 

Synchronizing  accuracy  (with 
time)  is  quite  important  in  the  5-kc 
channel  when  the  1-microsecond 
sweep  is  being  used.  If  the  error  is 
greater  than  0.02  microsecond  or 
0.01  percent,  any  vertical  lines  on  the 
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FIG.  S — Basic  regulator  circuits  used  in  the  power  pack  of  the  analyzer 


oscilloscope  screen  would  be  too  wide 
and  too  dim  to  be  useful.  With  the 
1-microsecond  sweep,  the  c-r  tube 
face  is  excited  only  0.5  percent  of  the 
time. 

The  linearity  sawtooth  is  gener¬ 
ated  conventionally,  and  taken  out  of 
a  cathode  follower  to  develop  the  re¬ 
quisite  power  without  loading  the 
sawtooth  generator. 

The  10-microsecond  pulse  is  gener¬ 
ated  by  a  nonoscillating  multivi¬ 
brator.  Since  the  pulse  is  not  perfect, 
it  is  shaped  by  two  pentode  clippers. 
Both  conditions  of  amplitude  of  the 
pulse  are  determined  by  one  of  the 
tubes  at  cutoff  to  assure  flatness.  At 
first  a  triode  cathode  follower  was 
tried  for  the  second  clipper  but  sat¬ 
isfactory  results  were  not  obtainable, 
because  differentiation  of  the  grid 
signal  feeding  through  the  grid- 
cathode  capacitance  of  the  tube  into 
the  cathode  load  resistor  gave  a  very 
objectionable  overshoot  (shown  in 
Fig.  3D).  This  trouble  was  elimin¬ 
ated  by  the  use  of  a  plate-loaded  pen¬ 
tode  stage.  Such  a  stage  gave  a  very 
good  rate  of  rise  (0.07  microsecond) 
but  necessitated  the  use  of  a  nega¬ 
tive  supply.  Thus  this  output  became 
good  enough  to  be  used  also  as  the 
step  transient  with  the  fast  ( 1-micro- 
second)  sweep. 

The  spike  pulse  is  generated  by  the 
discharge  current  of  a  capacitor  pass- 
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mg  through  a  thyratron.  This  pulse 
should  be  as  short  as  possible  and  of 
reasonable  height. 

Spik*  Pulst 

The  sawtooth  sweep  for  linearity  is 
similar  (except  for  circuit  constants) 
to  the  one  in  the  30-cycle  channel.  Its 
base  frequency  is  2,500  cycles  to  pro¬ 
vide  one  full  sawtooth  at  5,000  cps. 

The  fast  sweeps  are  constructed  by 
pulse  integration.  Two  pulses  are 
available:  a  25-microsecond  pulse 
from  a  nmioscillating  multivibrator, 
and  a  1-microsecond  pulse  from  a 
delay-line  thyratron-type  pulse  gen¬ 
erator.  The  pulse  is  fed  into  a  pulse 
amplifier,  after  which  it  is  integrated 
in  the  cathode  circuit  of  a  cathode 
follower.  Constant  current  is  sup¬ 
plied  meanwhile  by  a  pentode.  At  1 
microsecond,  the  wiring  capacitance 
into  the  horizontal  deflecting  plates  is 
used  as  the  capacitance  for  integra¬ 
tion  ;  at  the  slower  (25-microsecond) 
sweep  speed,  it  is  necessary  to  add 
capacitance  for  use  with  the  same 
charging  current  from  the  pentode 
current  generator.  It  was  necessary 
to  use  a  6AG7  for  this  pentode  stage 
since  with  the  existing  circuit  capaci¬ 
tances  a  large  charging  current  was 
necessary  for  integration. 

Some  of  the  negative  pulse  is 
taken  from  the  pulse  amplifier  and 
used  to  cut  off  a  pentode  to  provide  a 
pulse  for  intensifying  the  cathode- 
ray  tube  beam  during  the  usable  por¬ 
tion  of  the  fast  sweeps.  The  intensi- 
fier  does  not  operate  when  the  linear 
sawtooth  sweeps  are  being  used. 

High-Freqnency  Oscilloscope 

Since  the  oscilloscope  must  of  ne¬ 
cessity  have  greater  fidelity  than  the 
system  which  it  tests,  severe  de¬ 
mands  are  made  on  the  vertical  am¬ 
plifier.  The  low-frequency  cutoff  is 
difficult  to  measure,  but  is  theoreti¬ 
cally  one  cycle.  The  30-cycle  square 
wave  is  reproduced  excellently.  High- 
frequency  response  is  down  to  70 
percent  at  16  megacycles.  The  maxi¬ 
mum  available  deflection  on  the  cath¬ 
ode-ray  tube  face  is  four  inches,  but 
some  linearity  is  lost.  The  maximum 
linear  deflection  is  two  inches. 

The  amplifier  is  made  up  of  five 
stages,  all  push-pull  Glass  A.  Push- 
pull  deflection  was  used  to  maintain 
sharp  focus  over  the  cathode-ray  tube 
face.  Most  of  the  inversion  is  per¬ 
formed  by  the  first  two  stages.  The 


cathode  bisector  type  of  inverter  has 
been  effective  and  quite  free  of  phase- 
shift  trouble.  The  tubes  in  each  stage 
must  be  reasonably  well  matched  or 
one  tube  will  tend  to  draw  more  than 
its  share  of  current  and  bias  its  mate 
to  cutoff. 

Simple  shunt  peaking  was  used 
since  it  yields  the  most  linear  phase 
characteristic  at  the  high  end  of  the 
pass  band.  Sufficient  low-frequency 
response  was  realized  by  the  proper 
selection  of  grid  time  constants,  and 
compensation  was  also  applied  to  the 
plate  circuit  of  the  first  stage. 

The  input  to  the  amplifier  is  a  70- 
ohm  carbon  potentiometer  used  to 
terminate  a  coaxial  transmission 
line.  When  desired,  a  high-imped¬ 


ance  probe  using  a  cathode  follower 
with  the  potentiometer  in  its  cathode 
circuit  can  be  used  for  circuits  hav¬ 
ing  impedances  higher  than  70  ohms. 

Two  types  of  probes  have  been 
built  which  have  a  high  input  imped¬ 
ance  and  can  work  into  the  70-ohm 
analyzer  input  impedance.  The  first 
probe  built  used  a  plate-loaded 
tetrode  connected  as  in  Fig.  4A. 

The  input  of  the  6Y6G  can  be 
switched  either  directly  to  a  pair  of 
input  terminals  or  to  a  circuit  probe 
of  the  compensated  attenuator  type, 
which  must  be  used  when  freedom 
from  stray  fields  is  needed.  The  first 
portion  of  the  attenuator  is  placed 
at  one  end  of  a  piece  of  70-ohm  trans¬ 
mission  line,  the  other  portion  being 


Complete  schematic  circuit  diagram  of  transient  Tideo  analyser,  with  the  excep¬ 
tion  of  the  liTe  power  pack  circuits  which  ore  of  the  types  shown  in  Fig.  5 
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the  line  capacitance  in  shunt  with  a 
resistor.  An  auxiliary  capacitor 
serves  as  an  adjustment  for  perfect 
performance  over  the  pass  band.  The 
voltage  gain  through  this  probe  is 
only  about  1/30,  however,  which  is  a 
decided  handicap  where  low  peak 
signal  voltages  (of  the  order  of  one 
volt)  are  encountered. 

In  the  cathode-follower  type  probe 
shown  in  Fig.  4B,  developed  for  low- 
voltage  applications,  the  triode  sec¬ 
tions  of  a  6J6  have  been  paralleled 
and  built  into  a  small  bakelite  tube 
with  an  input  coupling  network.  The 
unit  feeds  a  piece  of  70-ohm  trans¬ 
mission  line  to  which  are  laced  the 
filament  and  anode  voltage  leads  go¬ 
ing  to  the  analyzer. 

Probes  have  also  been  built  with 
compensated  attenuators  ahead  of 


the  6J6,  for  use  with  higher  signal 
voltages. 

Because  of  the  heavy  load  currents 
and  the  polarities  required,  five  indi¬ 
vidual  regulated  power  supplies  are 
used.  For  the  four  low- voltage  sup¬ 
plies  the  lowest  possible  terminal  im¬ 
pedance  must  be  realized  to  eliminate 
phase-shift  trouble  in  the  vertical 
amplifier  and  other  low-frequency 
circuits,  and  therefore  cathode-fol¬ 
lower  type  series  regulators  like  that 
in  Fig.  5A  have  been  used.  The  num¬ 
ber  of  control  tubes  in  parallel  is  dic¬ 
tated  by  the  load  current  required. 

The  high-voltage  supply  for  the 
cathode-ray  tube  was  regulated  pri¬ 
marily  for  freedom  from  line-voltage 
trouble,  which  caused  a  variation  in 
deflection  sensitivity.  The  simple 
shunt  regulator  circuit  in  Fig.  6B 


was  used,  since  low  supply  impedance" 
was  not  necessary.  The  special  high- 
voltage  triode  has  an  amplification* 
factor  of  500  and  will  pass  2  ma.  aV 
10  kv  with  5  volts  bias. 

Much  appreciation  must  be  ex¬ 
pressed  for  the  encouragement  and 
help  given  by  William  E.  Bradley  and 
C.  T.  McCoy,  under  whose  direction 
the  instrument  was  developed,  to 
F.  M.  Bowdon  who  worked  on  the 
power  supplies  and  probes,  and  to 
Daniel  Naidamast  and  T.  Schachat 
who  developed  engineering  samples. 
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and  coaxial  line  to  wave  guide  adapt¬ 
ors.  In  addition,  the  components 
must  be  assembled  with  the  use  of 
connectors  which  join  together  the 
various  wave  guide  sections. 

To  operate  at  maximum  efficiency, 
the  transmission  system  should  have 
minimum  attenuation.  Furthermore 
it  should  be  electrically  smooth  and 
free  from  impedance  discontinuities, 
otherwise  standing  waves  will  be  set 
up  in  the  line  with  a  consequent  in¬ 
crease  in  the  attenuation.  A  more 
serious  effect  of  these  discontinuities 
in  the  line  may  be  the  resulting  im¬ 
pedance  mismatch  between  the  trans¬ 
mitter  or  receiver  and  antenna.  These 
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Gcnkot-lloage  (left)  and  choke-flange  (right)  )oints 
need  in  connecting  sectioni  of  wore  guide.  The  choke- 
flange  loint  is  repreeentatiTe  of  the  type  shown  in  Fig.  2 


A  RECTANGULAR  WAVE  GUIDE  sys-  put  Or  receiver  sensitivity.  Further-  instability  in  the  transmitter  output. 

tern  that  connects  a  microwave  more,  if  there  is  a  guide  very  many  The  maximum  allowable  attenua- 
transmitter  or  receiver  to  an  antenna  wavelengths  long  between  the  dis-  tion  for  the  transmission  system,  and 
may  contain  a  considerable  number  continuity  and  transmitter,  the  load  the  maximum  allowable  input  voltage 
of  cascaded  wave  guide  sections  and  impedance  presented  to  the  trans-  standing  wave  ratio  (tj,  = 
components.  Some  of  the  compon-  mitter  may  be  a  very  rapidly  varying  to  the  system  with  a  matched  load  on 
ents  that  might  be  found  in  a  typical  function  of  frequency,  with  resulting  the  far  end  are  determined  by  the 
system  are  shown  in  Fig.  1,  and  in¬ 
clude  straight  sections,  bends,  twists, 

right  angle  corners,  rotating  joints,  _ 


mismatches  may  lead  to  very  serious  Pjq^  j — Xyplcol  wav*  guld*  transmlulon  S7«t«m.  Th*  nambwn  Indicat*  th«  poMible 
•decreases  in  transmitter  power  out-  disconttnuitias  wicouiitorGd  in  such  a  ■tructur* 
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Transmission  Systems 


The  useful  transmission  of  power  from  a  microwave  oscillator  to  an  antenna  invariably 
requires  a  multiplicity  of  joints  and  bends.  These  components  must  be  carefully  engineered 
and  fabricated  to  avoid  undue  losses  or  standing  waves  arising  from  discontinuities 


required  overall  performance  of  the 
receiver  or  transmitter.  Once  the 
performance  requirements  of  the 
transmission  system  have  been  estab¬ 
lished,  and  the  number  of  compon¬ 
ents  in  the  system  are  known,  the 
required  attenuation  and  standing 
wave  ratio  of  each  component  may  be 
estimated. 

If  there  are  no  resonances  in  the 
system,  the  overall  system  attenua¬ 
tion,  expressed  in  db,  will  be  the  sum 
of  the  attenuations  of  the  individual 
components  and  connectors.  The  re¬ 
flection  introduced  by  each  compon- 


Artift's  repreientation  of  a  tee  section  to  which  is  also  attached  a  cority  frequency 
meter  (bottom),  r-f  cutoff  (center  left)  and  matching  post  and  window 


ent  will  add  to  or  subtract  from  the 
reflected  wave  already  present  in  the 
system,  depending  upon  their  phase 
relationships.  The  input  standing 
wave  ratio  to  the  entire  system  can¬ 
not  be  predicted  unless  the  phase  re¬ 
lationships  of  the  reflections  intro¬ 
duced  by  each  component  are  known. 
Usually  this  information  is  not  avail¬ 
able;  only  the  standing  wave  ratios 
introduced  by  the  components  are 
known.  But  if  there  are  n  compon¬ 
ents*  and  connectors,  each  introduc¬ 
ing  a  standing  wave  ratio  (tii)  into 
a  matched  line,  the  maximum  stand¬ 
ing  wave  ratio  (7i«.,)  for  the  entire 
system,  which  will  be  encountered  if 
all  reflections  add  in  phase,  will  be 
given  by 

Vmmt  ™  (>?»)* 

The  most  probable  standing  wave 
ratio  for  the  entire  system  (•»)„),  as¬ 
suming  random  phase  addition  of  all 
reflections,  is  given  to  a  good  ap¬ 
proximation  by 


reflection  from  each  component  is  not 
excessively  large. 

It  is  apparent  that  if  the  overall 
system  requirements  are  strict,  and 
there  are  a  considerable  number  of 
components  and  connectors  in  the 
system,  the  requirements  imposed  on 
the  performance  of  each  component 
may  be  quite  severe.  For  example,  if 
there  are  10  elements  in  a  microwave 
system,  each  with  a  loss  of  0.1  db  and 
capable  of  introducing  a  swr  of  1.05 
into  a  matched  line,  the  total  loss  in 
the  system  will  be  10  x  0.1  =  1.0  db 
or  ^1  percent  of  the  input  power.  The 
most  probable  input  swr  will  be  1.17 
and  the  maximum  possible  swr  will 
be  1.63.  But  if  each  component  has  a 
loss  of  0.3  db  and  introduces  a  swr  of 
1.2,  the  total  loss  will  be  3.0  db  or 
50  percent  of  the  input  power,  the 
most  probable  swr  will  have  risen  to 
1.78,  and  the  maximum  possible  swr 
will  have  reached  6.2,  in  general  a 
prohibitively  large  value  for  satis¬ 
factory  system  operation. 

Each  connection  between  the  vari- 
if  the  number  of  components  or  the  ous  components  of  a  wave  guide 


fig.  2 — A  choko-flanqe  coupling  uaed  for 
connocting  loctions  of  rectangular  wore 
guide 
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FIG.  3 — Bends  used  to  change  the  direction 
of  rectangular  wore  guide 


ELECTRONICS  — Jane  1946 


June  — ELECTRONICS 


transmission  system  is  a  possible 
discontinuity  in  the  transmission 
line,  and  the  connectors  must  there¬ 
fore  be  carefully  designed  if  the  sys¬ 
tem  is  to  operate  at  maximum  eflB- 
ciency. 

Wave  Gttidc  Connectors 

If  the  ends  of  two  sections  of  wave 
guide  are  machined  off  square  and 
then  clamped  tightly  together,  the 
resulting  butt  joint  will  generally  be 
electrically  smooth  and  free  from 
loss.  The  only  discontinuity  offered 
by  such  a  butt  joint  will  result  from 
misalignment  and  differences  in  the 
guide  dimensions  on  either  side  of 
the  joint.  These  are  usually  neglig¬ 
ible  if  the  wave  guides  are  held  to 
close  tolerances  during  manufacture, 
and  both  the  loss  and  reflection  will 
be  so  small  as  to  be  very  difficult  to 
measure. 

The  efficiency  of  such  a  connection 
depends  critically  upon  the  tightness 
of  the  joint  between  the  wave  guides. 
If  the  ends  of  the  guide  are  not  fin- 


in  flexibility  and  reliability.  The 
L-shaped  cavity  between  the  choke 
and  flange  may  be  considered  a  half¬ 
wave  shorted  line  in  series  with  the 
wave  guide,  which  presents  a  short 
circuit  at  the  input  and  offers  there¬ 
fore  a  minimum  electrical  discontin¬ 
uity.  The  circular  slot  in  the  choke 
is  a  quarter  wavelength  deep.  This 
places  the  contact  between  choke  and 
flange  at  a  point  of  zero  current; 
therefore  the  contact  does  not  have  to 
be  good.  The  distance  from  the  slot 
to  the  wave  guide  must  be  deter¬ 
mined  experimentally,  but  it  is  elec¬ 
trically  equivalent  to  a  quarter  wave¬ 
length.  For  maximum  bandwidth, 
the  width  of  the  slot  should  be  ap¬ 
preciably  greater  than  the  separa¬ 
tion  between  choke  and  flange  faces. 

A  choke-flange  connection  of  this 
type  when  properly  designed  will  in¬ 
troduce  a  swr  less  than  1.05  over 
most  of  the  usable  range  of  the  wave 
guide.  The  loss  will  be  in  the  order 
of  0.001  to  0.01  db,  increasing  with 
decreasing  guide  size,  and  independ¬ 
ent  of  the  tightness  with  which  the 
choke  and  flange  are  clamped  to¬ 
gether. 

Transmission  through  a  choke- 
flange  joint  will  be  satisfactory  even 
if  the  choke  and  flange  faces  are  sep¬ 


arated  and  misaligned  to  a  certain 
extent,  or  if  these  joints  are  used  for 
nonrigid  couplings  such  as  are  re¬ 
quired  when  a  shock-mounted  chassis 
is  connected  to  a  rigidly  mounted 
line.  If  a  clearance  of  ^  wavelength 
is  allowed  between  choke  and  flange, 
a  sidewise  displacement  of  up  to  ^ 
wavelength  will  not  raise  the  loss 
above  0.3  db,  or  the  swr  above  1.3. 

Two  chokes  paired  together  will 
generally  form  a  satisfactory  con¬ 
nection,  and  may  allow  a  greater  sep¬ 
aration  for  a  nonrigid  joint.  But 
with  paired  chokes  there  is  usually  a 
resonance  encountered  near  the  de¬ 
sign  wavelength,  which  is  marked  by 
a  sharp  rise  in  the  loss  and  swr.  Also 
the  swr  over  a  band  of  frequencies  is 
generally  higher  than  for  the  choke- 
flange  combination. 

Wav*  Gald*  Bands 

The  direction  of  transmission  in  a 
wave  guide  system  may  be  changed 
by  bending  the  wave  guide.  The  bend 
may  be  in  the  plane  of  either  the  elec¬ 
tric  or  magnetic  flelds,  and  is  corres¬ 
pondingly  called  an  E  or  H  plane 
bend  (Fig.  3).  The  radius  of  the 
bend  is  not  critical  and  may  be  quite 
small. 

If  the  inner  radius  of  the  bend  is 


FIG.  5 — Ninety-degree  corners  in  wove  guide  designed  for  minimum  reflection. 
Optimum  spacing  for  E-plome  comers  is  determined  from  the  expression  in  the  box: 
that  for  the  H-plone  comer  from  the  groph 


FIG.  4 — A  twist  in  rectangular  wave  guide 


ished  square  and  smooth,  if  the 
guides  are  misaligned  or  not  clamped 
tightly  together,  the  loss  and  reflec¬ 
tion  may  be  relatively  large.  And  if 
the  joint  is  not  mechanically  satisfac¬ 
tory,  it  is  impossible  to  predict  ac¬ 
curately  what  its  electrical  perform¬ 
ance  will  be  without  careful  measure¬ 
ment,  although  losses  in  the  order*of 
1.0  db  have  been  measured.  So  while 
the  simple  butt  joints  may  be  very 
satisfactory,  and  are  even  preferred 
when  accurate  measurements  are 
being  performed,  they  must  be  as¬ 
sembled  with  considerable  care  and 
mechanical  accuracy. 

The  assembly  of  wave  guide  com¬ 
ponents  is  greatly  facilitated  with 
the  use  of  choke  couplings,  as  illus¬ 
trated  in  Fig.  2.  These  may  be  de¬ 
signed  to  offer  a  minimum  reflection 
and  loss,  and  offer  great  advantages 


E-PLANE  CORNER 


H- PLANE  CORNER 


L/;^«o.25 


MicrowaTe  transformer  capable  of  providing  exact  amounts  of  reflected  power  at 
precise  electrical  distances  from  a  known  reference  point  in  a  wove  guide.  Note 

the  choke-flange  coupling 


greater  than  a  guide  wavelength, 
the  swr  will  be  under  1.05  over  the 
normal  operating  range  of  the  wave 
guide.  A  much  smaller  radius,  down 
to  l,/4  or  less,  will  produce  a  swr  in 
general  under  1.1,  but  considerable 
care  must  be  applied  to  the  fabrica¬ 
tion  of  the  bend  to  achieve  these  re¬ 
sults.  A  simple  theory  predicts  that 
best  results  will  be  found  with  bends 
whose  mean  length  is  an  integral 
number  of  half  wave  guide  wave¬ 
lengths,  but  the  effects  of  irregu¬ 
larities  in  fabrication  are  usually 
much  more  important. 

Several  techniques  of  fabricating 
bends  are  widely  used.  The  tubing 
may  be  filled  with  a  low  melting- 
point  alloy  and  bent  around  the  de¬ 
sired  inner  radius.  For  small  radii, 
the  cross-section  will  be  distorted 
from  a  rectangular  into  a  trapezoidal 
shape,  which  will  increase  the  reflec¬ 
tion,  but  the  desired  cross-section 
may  be  maintained  by  forcing  rollers 
through  the  guide  after  the  bend  has 
been  made. 

Small  radius  bends  are  also  fabri¬ 
cated  from  sheet  brass  by  silver 
soldering,  but  this  must  be  done  with 
care,  or  irregularities  will  mar  the 
inside  surface.  Electroforming'  is 
satisfactory,  giving  bends  with  a 


uniform,  rectangular  cross-section 
and  smooth  inside  surface. 

Wove  Guide  TwUH 

A  rectangular  wave  guide  may  be 
twisted  about  its  axis  to  rotate  the 
direction  of  the  electric  field.  No 
great  standing  ratio  will  be  set  up 
if  the  guide  is  not  deformed  in  the 
process  (Fig.  4).  Filling  the  guide 
with  low  melting-point  alloy  before 
twisting  is  a  common  method  of 


fabrication,  and  electroforming  is 
also  satisfactory.  If  the  twist  is  2X, 
or  more  in  length  for  a  90  degree  ro¬ 
tation,  the  swr  will  generally  be  un¬ 
der  1.1,  and  shorter  twists  are  satis¬ 
factory  if  carefully  made. 

Wav*  Guide  Corners 

Changing  the  direction  of  trans¬ 
mission  in  a  wave  guide  system  by 
an  abrupt  corner  is  generally  not 
satisfactory,  as  an  appreciable  re¬ 
flection  will  be  set  up.  But  if  the  de¬ 
sired  angular  change  is  accomplished 
by  using  two  simple  corners  (Fig. 
5),  spaced  apart  approximately  a 
quarter  wave  guide  wavelength 
(L/X,  =  i),  the  reflections  from 
the  two  corners  will  cancel  each 
other.  For  E  plane  corners,  the  opti¬ 
mum  spacing  is  given  very  closely  by 
L/X,  =  0.25  for  angles  up  to  90  de¬ 
grees,  but  for  H  plane  corners,  this 
optimum  spacing  is  slightly  differ¬ 
ent,  and  is  plotted  as  a  function  of 
X/a  in  Fig.  5  for  a  90-degree  total 
change  in  direction. 

The  bandwidth  over  which  these 
corners  will  introduce  a  standing 
wave  ratio  less  than  1.05  is  generally 
plus  or  minus  three  decreased  by  10 
percent  of  the  center  frequency  for  a 
90  degree  bend,  increasing  as  X/a 
decreases,  and  is  greater  for  smaller 
angles.  Circular  bends  are  preferred 
for  larger  angles  and  greater  band- 
widths. 

It  is  also  possible  to  eliminate  the 
reflection  at  an  abrupt  comer  by 
modifying  the  comer  as  illustrated 
in  Fig.  6,  and  the  bandwidth  will  be 
very  nearly  the  same  as  for  the  dou- 


FIG.  6 — Singln-corner  with  minimum  reflection.  Required  dimensions  for  both  types 
of  comer  are  plotted  os  a  function  of  the  angle 
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matching  susceptances  is  a  thin 
metal  diaphragm  placed  transversely 
across  the  wave  guide,  with  an  open¬ 
ing  symmetrically  located  and  ex¬ 
tending  across  the  wave  guide  paral¬ 
lel  to  the  narrow  dimension  (Fig.  8). 
This  type  of  diaphragm  is  equivalent 
to  an  inductive  susceptance  shunting 
the  guide.  The  magnitude  of  this 
susceptance  depends  upon  the  size  of 
the  opening  in  the  diaphragm,  and 
may  be  obtained  from  the  figure.  If 
the  diaphragm  has  appreciable  thick¬ 
ness,  its  susceptance  will  be  slightly 
higher  than  shown. 
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ble  corner.  The  required  dimensions 
for  the  corner  are  plotted  as  a  func¬ 
tion  of  the  angle  for  both  E  plane 
corners  and  H  plane  corners  in  Fig. 
6.  This  type  of  corner  must  be  held 
to  rather  close  manufacturing  tol¬ 
erances  to  attain  the  optimum  per¬ 
formance. 

Tm  Joists  is  Wove  Gsidos 

Tee  joints  in  rectangular  wave 
guides  are  similar  to  stubs  in  con¬ 
ventional  transmission  lines.  A  stub 
that  branches  from  the  broad  side  of 
a  rectangular  guide  in  the  E  plane  is 
in  series  with  the  main  guide,  and  a 
stub  that  branches  from  the  narrow 
side  in  the  H  plane  is  in  shunt  with 
the  main  guide  (Fig.  7). 

The  presence  of  the  fringing  fields 
at  the  corners  somewhat  modifies  the 
action  of  the  tees.  With  the  series  or 
E  plane  tee,  a  short  circuit  placed 
X,/2  away  from  the  junction  should 
allow  perfect  transmission  past  the 
stub,  and  a*  short  X,/4  away  should 
cause  complete  reflection  at  the  stub. 
For  the  shunt  or  H  plane  tee,  a  short 
X,/4  away  should  give  perfect  trans¬ 
mission,  and  a  short  X,/2  away  should 
cause  complete  reflection.  It  is  actu¬ 
ally  possible  to  find  positions  of  the 
short  in  both  branch  arms  which  give 
perfect  transmission  and  complete 
reflection,  but  the  locations  are 
slightly  different  from  the  above 
values,  and  depend  upon  the  ratio  of 
wave  guide  dimensions  to  wave¬ 
length. 

With  the  idealized  tees,  it  should 
be  possible  to  locate  a  short  in 
branch  one  to  allow  perfect  trans¬ 
mission  from  branch  two  to  stub  arm 


branch  three,  or  to  cause  a  complete 
reflection  at  the  junction.  With  the 
actual  tees,  it  is  possible  to  locate  the 
short  to  give  a  complete  reflection 
for  an  input  signal  from  branch  two 
or  three,  but  there  is  no  short  loca¬ 
tion  which  will  give  perfect  trans- 
ntission  between  these  arms.  The 
minimum  swr  which  can  be  attained 
will  depend  upon  the  ratio  of  wave¬ 
length  to  guide  dimensions,  and  upon 
the  t3i>e  of  tee,  but  will  usually  be  of 
the  order  of  1.5.  For  perfect  trans¬ 
mission,  it  is  necessary  to  modify  the 
tee  by  the  addition  of  some  sort  of 
matching  structure,  such  as  the  me¬ 
tallic  diaphragm  indicated  in  Fig.  7. 

Matching  Diaphragms  and  Posts 

In  the  design  of  wave  guide  com¬ 
ponents,  it  is  often  necessary  to  em¬ 
ploy  some  sort  of  matching  device  to 
remove  the  reflected  wave  that  re¬ 
sults  from  a  discontinuity.  This  may 
be  accomplished  by  introducing  an 
additional  discontinuity,  the  reflec¬ 
tion  from  which  is  of  the  proper  mag¬ 
nitude  and  phase  to  cancel  the  unde¬ 
sired  reflected  wave.  Thin  metal  dia¬ 
phragms  or  metal  posts  are  widely 
used  for  this  purpose;  these  are 
equivalent  to  susceptances  that  shunt 
the  transmission  line. 

The  required  normalized  suscept¬ 
ance  may  be  determined  by  measur¬ 
ing  the  swr  in  the  line  that  is  to  be 
reduced,  and  is  given  by 

IB/ni  - i/Vi7  (2) 

The  susceptance  should  then  be 
placed  at  a  distance  di  from  a  voltage 
minimum,  given  by 


di  90  -  tan-» 

X,  “  720 

where  the  arctangent  is  expressed  in 
degrees.  The  matching  susceptance 
if  inductive  should  be  placed  at  this 
distance  on  the  load  side  of  a  voltage 
minimum,  if  capacitive  it  should  be 
located  an  equal  distance  toward  the 
signal  input  from  minimum.  For 
minimum  frequency  sensitivity,  it 
should  be  located  as  near  as  possible 
to  the  source  of  the  undesired  reflec¬ 
tion,  and  it  should  be  kept  in  mind 
that  voltage  minimums  are  spaced 
apart  X,/2  along  the  input  guide  to 
the  source  of  reflection. 

One*  of  the  most  commonly  used 


FIG.  8 — Susceptance  of  the  inductive  dia¬ 
phragm  used  for  impedance  matching  in 
rectangular  wore  guides  os  a  function  of 
(Umensions 


FIG.  7 — Tee  Joints  in  rectongular  wore  guides,  showing  matching  diaphragms 
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will  introduce  no  reflection  at  a 
single  frequency  if  the  probe  antenna 
is  of  the  proper  length  and  the 
proper  distance  from  the  wave  guide 
short.  Both  of  these  dimensions  are 
roughly  a  quarter  wavelength,  but 
must  be  determined  experimentally 
for  satisfactory  results. 

The  bandwidth  over  which  the 
transformer  is  satisfactory  is  made 
greater  by  increasing  the  size  of  the 
coaxial  line  and  the  diameter  of  the 
antenna,  and  also  by  rounding  the 
end  of  the  antenna.  It  is  still  further 
increased  by  modifying  the  probe  as 
shown  in  Fig.  9B,  to  end  in  a  metal 
sphere,  and  by  flaring  the  outer  con¬ 
ductor  of  the  coaxial  line  into  the 
inner  wall  of  the  wave  guide.  A 
transformer  of  this  type  can  be  de¬ 
signed  to  introduce  a  swr  below  1.2 
over  most  of  the  useable  range  of 
a  wave  guide. 

Two  additional  designs  of  fixed- 
tuned  broadband  transformers  are 
shown  in  Fig.  9C  and  D.  Type  C  is 
called  a  doorknob  transformer,  and 
has  been  designed  to  handle  high 
powers.  Both  C  and  D  provide  a 
support  for  the  center  conductor  of 
the  coaxial  line,  and  also  a  direct 
current  return,  which  are  advan¬ 
tages  for  some  applications.  Both  of 
these  designs  have  good  bandwidth, 
but  the  optimum  dimensions  must  be 
found  experimentally  for  different 
sizes  of  coaxial  line  and  wave  guide. 


fig.  9 — Broad-band,  iixed-tuned  coaxial  line  to  wore  guide  transformers.  These 
methods  of  construction  are  necessary  to  proTide  reflectionless  transmission 


tionless  transmission  in  one  direc¬ 
tion  is  a  guarantee  of  reflectionless 
transmission  in  the  other. 

The  simplest  coaxial  line  to  wave 
guide  transformer  is  constructed  by 
extending  the  center  conductor  of 
the  coaxial  line  into  the  wave  guide 
to  form  a  probe  antenna  in  the  wave 
guide,  parallel  to  the  electric  lines 
of  force  (Fig.  9A).  This  transition 


Another  matching  susceptance  that 
is  widely  used  is  a  metallic  post  or 
tuning  screw  centrally  located  in  the 
broad  side  of  the  guide  and  extend¬ 
ing  part  way  across  parallel  to  the 
electric  field.  This  screw  is  equiva¬ 
lent  to  a  shunting  capacitive  suscep¬ 
tance  whose  magnitude  increases 
with  probe  depth.  A  resonance  is 
reached  when  the  probe  depth  is  ap¬ 
proximately  a  quarter  wavelength, 
and  for  greater  lengths  the  probe  is 
inductive,  but  practically  it  is  never 
used  in  the  inductive  region.  Ad¬ 
justable  transformers  have  been  built 
using  multiple  tuning  screws  or  a 
single  screw  whose  depth  and  pene¬ 
tration  may  be  varied. 

Coaxial  Lia*  to  Wave  Guide 
Traetformers 

The  output  of  many  microwave  os¬ 
cillators  is  delivered  into  a  coaxial 
line,  and  some  sort  of  coaxial  line  to 
wave  guide  transformer  must  be 
used  to  send  the  signal  through  a 
wave  guide  transmission  system.  The 
most  suitable  transformer  section  is 
one  that  introduces  no  reflected  wave 
when  a  signal  is  fed  between  the 
coaxial  line  and  wave  guide  in  either 
direction.  If  losses  are  low,  reflec- 
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Radar  for  Blind  Bombing 

Part  II 


Modulators,  scanners,  r-f  systems,  receiver-indicator  systems,  and  synchronizers  in  the  two 
versions  of  H2X  microwave  airborne  radar  are  covered  in  this  concluding  installment.  The 
rotating  joints  in  the  rectangular  wave  guides  are  of  particular  interest 
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The  preceding  installment,  in 
the  May  1946  issue  of  El£C- 
TRONICS,  covered  the  history  of  H2X 
bombing  radar,  its  tactical  uses 
in  both  the  European  and  Pacific 
theatres  of  war,  general  operating 
principles,  an  analysis  of  the  bomb¬ 
ing  problem  confronting  its  design¬ 
ers,  and  technical  details  of  the 
range  unit  circuits  employed  in  the 
Philco  APS-16  and  Western  Electric 
APQ-13  versions  of  this  radar  sys¬ 
tem.  The  remaining  circuits  will 
now  be  taken  up. 

Th*  APS.15  Modiilotor 

A  simplified  schematic  of  the  APS¬ 
IS  modulator  is  shown  in  Fig.  8.  A 
positive  trigger  is  supplied  to  the 
pulse-forming  amplifier  from  a  cath¬ 
ode  follower  in  the  range  unit,  when 
the  range  unit  is  on,  or  from  a 
cathode  follower  in  the  receiver  in¬ 
dicator.  The  trigger  has  an  ampli¬ 
tude  between  60  and  120  volts.  It  is 
applied  to  the  control  grids  of  the 
829  through  a  pulse-forming  line. 
The  positive  pulse  is  of  sufficient 
amplitude  to  raise  the  control  grid, 
which  is  normally  biased  below  cut¬ 
off,  to  a  point  where  the  tube  starts 
conducting.  The  pulse  transformer 
is  connected  so  that  positive  feed¬ 
back  from  plate  to  grid  is  obtained. 
The  plate  current  rises  rapidly  to  a 
high  value  but  the  rate  of  rise  is 
slowed  by  the  inductance  in  the 
plate  circuit.  The  negative  pulse  ap¬ 
plied  to  the  delay  line  by  the  grid 
winding  of  the  blocking  oscillator 
transformer  travels  to  the  end  of  the 
line,  is  reflected,  and  returns  to  the 
grid  with  sufficient*  negative  polarity 


Antenna  system  of  Western  Electric  APQ- 
13  Tersion  of  H2X  bombing  radar.  Azimuth 
selsyn  is  at  top  right,  azimuth  motor  at  left 

to  cut  off  the  plate  current  with  the 
aid  of  the  feedback  from  plate  to 
grid.  The  electrical  length  of  the 
line  determines  the  length  of  the 
plate  current  pulse.  The  pulse  is 
applied  to  the  grid  of  the  power 


amplifier  by  means  of  the  third  wind¬ 
ing  on  the  pulse  transformer. 

Relays  are  employed  to  switch  in 
various  sections  of  line  to  give  lines 
of  varying  length.  These  are  used  to 
give  pulse  lengths  of  approximately 
1  and  2  microseconds.  The  pulse 
repetition  frequencies  are  chosen  in 
inverse  ratio  to  the  pulse  lengths  to 
keep  the  average  power  constant 
Thus  it  is  possible  to  keep  the  trans¬ 
mitter  functioning  at  its  maximum 
rated  power  and  also  to  eliminate 
difficulties  with  poor  regulation  in 
the  high-voltage  power  supplies. 

The  positive  square  pulse  produced 
by  the  pulse-forming  amplifier,  with 
a  magnitude  of  about  1,100  volts,  is 
applied  to  the  control  grid  of  the 
power  amplifier.  This  tube  has  a 
control  grid  bias  of  900  volts  and  a 
screen  voltage  of  1,100  volts.  The 
capacitor  connected  between  the 
plate  of  the  power  amplifier  and  the 
cathode  of  the  magnetron  is  charged 
between  pulses,  through  the  resist¬ 
ors,  to  14,000  volts.  When  the  power 
amplifier  is  pulsed,  its  impedance 
drops  to  approximately  90  ohms, 
suddenly  switching  one  side  of  the 
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mined  by  the  time  constants  in  the 
grid-cathode  circuits,  the  action  is 
reversed  and  the  tubes  are  suddenly 
restored  to  their  original  condition. 

During  the  period  when  the  829  is 
conducting,  the  plate-circuit  choke 
in  the  pulse-shaping  network  is 
charged.  When  the  tube  cuts  off,  the 
energy  in  the  choke  is  dissipated  in 
a  square-topped  current  wave  in  the 
delay  line,  resulting  in  a  square 
pulse  of  voltage  on  the  control  grids 
of  the  pulse  amplifiers.  The  grids, 
which  are  normally  675  volts  nega¬ 
tive,  are  driven  positive  and  draw 
grid  current  which  serves  to  improve 
the  shape  of  the  pulse. 

The  output  of  the  pulse  amplifier 
is  a  square  negative  pulse  having  a 
magnitude  of  about  16,000  volts. 
This  is  stepped  down  to  3,200  volts 
by  a  pulse  transformer  and  applied 
to  a  coaxial  cable  which  carries  it  to 
a  similar  transformer  in  the  radio¬ 
frequency  unit,  where  it  is  stepped 
up  to  12,000  volts  and  applied  to  the 
magnetron  cathode. 


Sketch  of  Philco  APS*15  microwora  radar  installation  in  a  B-17.  The  scanner,  modu¬ 
lator.  and  radome  ore  all  retractable 


capacitor  to  ground  so  that  about 
13,000  volts  appears  across  the 
magnetron. 

About  15  amperes  fiows  through 
the  power  amplifier  and  about  12 
amperes  through  the  magnetron. 
The  three  amperes  difference  is 
drawn  by  the  stray  capacitances  and 
by  the  resistors  connecting  the  ca¬ 
pacitor  to  the  power  supply.  During 
the  pulse,  the  capacitor  loses  only  a 
small  percentage  of  its  total  charge 
and  recovers  full  charge  before  the 
next  pulse. 


vibrator  circuit  which  is  triggered 
from  a  cathode  follower  in  the  range 
unit,  a  pulse-shaping  network,  and  a 
pulse  amplifier.  The  low-voltage  ele¬ 
ments  are  housed  in  an  air-filled 
section  and  the  high-voltage  ele¬ 
ments  in  an  oil-filled  section  of  the 
modulator. 

The  type  6AG7  is  normally  con¬ 
ducting  and  the  829  nonconducting. 
The  incoming  positive  trigger 
applied  to  the  cathode  of  the  6AG7 
increases  the  grid  bias  and  thus 
decreases  the  plate  current.  The  re¬ 
sultant  rise  in  plate  voltage  of  the 
6AG7  is  transferred  through  the 
interstage  capacitor  to  the  grid  of 
the  829,  which  begins  to  conduct,  in¬ 
creasing  the  cathode-to-ground  po¬ 
tential  of  both  tubes.  The  action  is 
cumulative  and  the  829  suddenly 
switches  to  a  highly-conducting  con¬ 
dition.  After  a  time  interval  deter- 


The  scanners  for  the  APS-15  and 
APQ-13  are  very  similar.  Both  in¬ 
clude  an  antenna,  waveguide,  two 
rotating  joints,  a  motor  for  rotating 
the  antenna,  a  motor  for  tilting  the 
antenna,  a  sector  scan  mechanism, 
and  position  take-off  for  the  ppi. 

In  a  radar  system  that  is  to  be  used 
for  the  identification  of  objects  giv¬ 
ing  a  radar  echo,  high  resolving 
power  is  desirable.  High  resolving 
power  is  obtained  by  means  of  short 
pulses  and  narrow  horizontal  beams 
from  the  antenna.  Since  the  physical 
size  of  an  antenna  to  be  installed  in 
an  airplane  is  limited,  a  high  fre¬ 
quency  is  desirable.  This  is  the  rea¬ 
son  for  the  choice  of  9,400  me  for 
the  H2X  systems,  it  being  the  high¬ 
est  frequency  practical  at  the  time  of 
the  design  of  the  equipment. 

In  making  a  bombing  run  on  a 
complex  target  such  as  a  city,  the 
task  of  identification  of  a  portion  of 
that  target  is  simplified  if  the  target 
retains  the  same  appearance  as  it  is 
neared.  The  angle  between  the  line 
of  sight  from  the  aircraft  to  the 
target  and  the  horizontal  gradually 
varies  between  0  and  90  degrees  as 
the  aircraft  nears  the  target  and 
eventually  passes  over  it.  A  vertical 
antenna  pattern  to  enable  the  system 
to  meet  this  requirement  must  have 


The  APQ-13  Modalator 

The  APQ-13  modulator  differs 
somewhat  from  the  APS-15  modu¬ 
lator  though  they  are  both  hard-tube 
modulators  employing  lines  to  form 
the  pulse.  A  simplified  schematic 
appears  in  Fig.  9.  The  modulator 
consists  essentially  of  a  multi- 
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FIG.  9 — Circuit  oi  APQ-13  modulator 
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a  variation  of  radiated  field  strength 
with  angle  such  that  a  target  that 
reflects  a  constant  fraction  of  the 
incident  energy  will  give  a  received 
signal  of  constant  amplitude.  Since 
a  distance  of  35  miles  is  enough  in 
which  to  make  a  bombing  run  and 
the  bomb  is  released  at  high  altitude 
about  two  miles  from  the  target,  a 
pattern  which  follows  this  rule  at 
angles  between  6  and  63  degrees  is 
satisfactory  at  an  altitude  of  4  miles. 
This  relationship  may  be  expressed 
&s  Ge  =  k  csc*6  where  G®  is  the  effec¬ 
tive  gain  of  the  antenna  at  an  angle 
0  measured  below  the  horizon.  Fig¬ 
ure  10  shows  an  idealized  antenna 
pattern  of  this  type  and  an  approxi¬ 
mation  of  the  pattern  obtained  in 
the  H2X  systems. 

In  order  to  obtain  the  antenna  pat¬ 
tern  described  above,  the  lower  half 
of  the  antenna  reflector  is  made  a 
half  section  of  a  paraboloid  of  revolu¬ 
tion  with  the  antenna  feed  at  the 
focus.  The  upper  half  of  the  reflector 
is  a  surface  generated  by  rotating  a 
parabolic  element  about  a  line  pass¬ 
ing  through  the  focus  (still  the  an¬ 
tenna  feed)  in  the  plane  of  the  ele¬ 
ment  and  normal  to  the  axis  of  the 
element.  This  barrel-stave  section 
serves  to  direct  some  of  the  energy 
downward  in  the  pattern  described 
above. 

The  data  take-off  on  the  APQ-13 
consists  of  a  single-phase  to  three- 
phase  synchro  geared  to  10  times  the 
speed  of  the  antenna.  For  the 
APS-15,  the  data  take-off  consists  of 
a  single-phase  to  two-phase  synchro 
with  its  shaft  geared  to  the  same 
speed  as  the  antenna.  The  body  of 
the  APS-15  synchro  is  rotated  by  a 
servo  system  from  the  flux-gate  com¬ 
pass  in  the  aircraft,  providing  a  dif¬ 
ferential  action  that  gives  azimuth 
stabilization  of  the  ppi.  The  APQ-13 
also  provides  azimuth  stabilization 
of  the  ppi. 

The  azimuth  motor  is  geared  to 
rotate  the  antenna  continuously  at 
12  or  24  rpm  as  selected  by  the  oper¬ 
ator.  A  sector  scan  mechanism,  with 
which  the  scanners  are  equipped,  can 
be  employed  to  cause  the  azimuth 
motor  to  drive  the  antenna  back  and 
forth  through  a  sector,  the  width  and 
position  of  which  are  controllable. 

R<F  Sytt«iii 

The  components  of  the  r-f  system 
are  shown  in  Fig.  11.  The  r-f  pulse 


passes  from  the  magnetron  through 
two  rotating  joints  to  the  antenna. 
These  rotating  joints  make  possible 
the  rotating  and  tilting  motion  of  the 
antenna. 

On  the  way  to  the  antenna,  the  en¬ 
ergy  passes  an  r-t  box  and  a  t-r  box. 
These  two  boxes  consist  of  resonant 
cavities  filled  with  a  low-pressure 
gas  and  containing  spark  gaps. 
When  the  transmitter  fires,  the  gas 
ionizes  and  current  flows  between 
the  gaps.  The  t-r  box  is  located  so 
that  when  conducting  it  presents  a 
high  impedance  at  the  junction  of 
the  mixer  branch  with  the  wave 
guide  going  to  the  antenna.  This 
prevents  the  crystal  from  being 
burned  out  by  the  high  power  in  the 
transmitted  pulse. 

The  r-t  box  is  located  so  that  when 
conducting  it  has  little  effect  on  the 
outgoing  pulse.  On  receiving,  how¬ 
ever,  it  causes  the  branch  of  the 
wave  guide  leading  to  the  magnetron 
to  appear  as  a  high  impedance  at  the 
junction  with  the  mixer;  thus,  most 
of  the  received  energy  is  coupled  into 
the  crystal  mixer.  Use  of  an  r-t  box 
is  necessary  with  magnetrons  of  this 
frequency  because  the  cold  imped¬ 
ance  of  the  magnetron  is  not  suf¬ 
ficiently  different  from  the  fired  im¬ 
pedance  to  prevent  the  magnetron 
from  absorbing  half  of  the  received 
energy. 

The  transmission  lines  are  of  the 
wave  guide  variety,  either  gold  or 
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FIG.  10 — Polar  diagram  of  bombing  an- 
tonno  pottom 


silver  plated.  The  impedance  of  the 
transmission  line  is  approximately 
250  ohms.  Since  it  is  desirable  to 
be  able  to  remove  sections  of  the 
wave  guide  serving  as  transmission 
line,  the  line  is  made  in  sections 
which  are  coupled  together  by  a 
choke  joint.  The  electrical  constants 
of  the  joint  are  in  approximate  reso¬ 
nance  at  the  magnetron  frequency, 
providing  the  r-f  transmission 
line  with  electrical  tightness  such 
that  the  energy  is  transmitted  down 
the  guide  without  loss  or  reflection 
at  the  break.  The  entire  transmis¬ 
sion  line  is  made  air-tight  so  that  it 
may  be  filled  with  air  under  pres¬ 
sure.  This  is  necessary  to  prevent 
sparking  at  high  altitudes. 

Rototlag  Joint* 

To  provide  flexibility  in  the  wave 
guide  transmission  line,  and  so  the 
antenna  can  be  rotated  or  tilted  with¬ 
out  disturbing  the  transfer  of  en¬ 
ergy.  rotating  joints  are  used  at  the 
pivot  points.  Mechanical  considera¬ 
tions  make  it  necessary  to  use  cylin¬ 
drical  sections  for  this  purpose.  In 
the  APS-15,  each  joint  consists  of  a 
transformer  from  rectangular  to 
cylindrical  guide,  a  section  of  cylin¬ 
drical  guide,  a  choke  coupling,  an¬ 
other  section  of  cylindrical  guide,  and 
another  transformer  from  cylindrical 
guide  to  rectangular  guide.  In  the 
APQ-13,  the  transformation  is  made 
from  rectangular  guide  to  coaxial 
line  and  back  to  rectangular  guide. 

One  end  of  the  antenna  feed  ter¬ 
minates  in  a  choke-coupling  joint  and 
the  other  end  in  a  pair  of  closely 
spaced  irises  covered  by  a  mica  win¬ 
dow  to  maintain  the  air  pressure  in 
the  r-f  line.  The  r-f  energy  passes 


FIG.  11 — G«n«rol  arraagament  of  r-f  systom  of  H2X  bombing  radar,  showing  use  of 

wore  guide  transmission  linos 
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fig.  12 — CirciUt  of  APS- 15  l-i  omplUior,  detector,  and  Tideo  amplifier,  employing  a 

30-mc  i-f  Tolue 


through  the  mica  windows  to  the  re¬ 
flector. 

The  Receive-Troesmit  Box 

The  r-t  tube  consists  of  two  coni¬ 
cal  electrodes  supported  on  metal 
flanges  which  extend  through  the 
glass  envelope  and  become  part  of  a 
resonant  cavity.  This  tube  is 
gripped  in  an  assembly  completing  a 
resonant  cavity  which  is  tuned  to 
the  magnetron  frequency  by  means 
of  an  adjustable  plug.  The  cavity  is 
coupled  to  the  wave  guide  through  a 
slot  in  the  guide. 

When  the  magnetron  is  transmit¬ 
ting,  the  strong  outgoing  pulses 
break  down  the  gas  tube  in  the  r-t 
box.  As  in  the  case  of  a  quarter-wave 
line,  a  short-circuit  in  the  box  ap¬ 
pears  as  a  high-impedance  shunt  ele¬ 
ment  when  looking  down  the  guide, 
with  the  result  that  the  outgoing 
waves  from  the  magnetron  are  prac¬ 
tically  unimpeded  by  the  box. 

On  the  other  hand,  on  weak  incom¬ 
ing  pulses  an  open-circuit  in  the  box 
appears  as  a  low-impedance  shunt 
element.  The  spacing  between  the 
r-t  and  the  junction  between  the 
mixer  and  the  guide  is  such  that  the 
branch  of  guide  leading  from  the 
junction  to  the  magnetron  appears  as 
a  high  impedance  when  the  r-t  is  not 
conducting. 

Tb«  Traasniit>R*c«Iv*  Box 

In  the  APQ-13,  the  t-r  and  the  r-t 
boxes  are  very  nearly  the  same,  con¬ 
taining  the  same  tube,  but  the  t-r  is 
provided  with  a  keep-alive  voltage 
which  maintains  an  arc  to  furnish  a 
plentiful  supply  of  ions.  The  require¬ 
ments  for  the  t-r  are  more  stringent 
since  it  must  fire  in  a  very  short  time 
to  prevent  damage  to  the  crystal. 

In  the  APS-16,  the  r-t  is  the  same 
as  in  the  APQ-13,  but  the  t-r  makes 


use  of  a  1B24  tube  which  has  the  cav¬ 
ity  as  an  integral  part  of  the  tube, 
sealed  and  filled  with  gas.  It  is  also 
tuned  by  an  adjustable  plug. 

The  t-r  provides  coupling  from  the 
r-f  transmission  line  between  the 
magnetron  and  antenna  to  the  line  to 
the  crystal  mixer.  The  t-r  box  con¬ 
tains  two  openings  (in  the  1B24 
these  are  sealed  with  glass  windows) 
which  couple  to  openings  in  each  of 
the  sections  of  guide.  When  the  mag¬ 
netron  is  transmitting,  the  strong 
outgoing  pulse  breaks  down  the  gas 
tube  in  the  t-r  box,  and  the  energy  is 
prevented  from  passing  through  the 
box  to  the  mixer.  Sufficient  attenua¬ 
tion  is  provided  to  protect  the  crystal 
yet  enough  energy  gets  through  to 
provide  a  pulse  for  the  afc  system. 
When  the  transmitted  energy  is  in¬ 
terrupted,  the  tube  deionizes  rapidly 
and  permits  the  received  signals  to 
pass  through  to  the  mixer  with  very 
little  loss. 

Recaiving  System 

The  incoming  signal  is  passed 
through  the  t-r  box  to  the  crystal 
mixer,  where  it  is  mixed  with  higher- 
frequency  energy  from  one  of  the 
beating  oscillators.  The  resultant  30 
or  60-mc  signal  is  amplified  in  two 
stages  of  preamplification  located  at 
the  mixer.  The  signal  is  then  fed 
through  a  coaxial  cable  to  the  afc 
circuit  and  to  additional  i-f  amplifi¬ 
cation,  after  which  it  goes  to  the 
second  detector  and  video  amplifiers, 
where  it  is  mixed  with  range  mark¬ 
ers  and  fed  to  the  indicators. 

Crystal  Mixer 

Close  attention  is  paid  in  receiver 
design  to  reduction  of  noise,  result¬ 
ing  in  a  noise  level  only  15  db  higher 
than  the  theoretical.  Such  a  good 
noise  figure  is  obtainable  through  the 


use  of  a  crystal  mixer,  the  crystal 
having  the  highest  conversion  factor 
and  the  lowest  noise  figure  of  any 
type  of  mixer  devised  for  use  at 
these  frequencies. 

The  crystal  is  mounted  in  a  short 
section  of  wave  guide  into  which  the 
output  probes  of  the  beating  oscil¬ 
lators  protrude.  The  amount  of  oscil¬ 
lator  coupling  is  adjusted  by  means 
of  screws  which  raise  or  lower  the 
tubes,  thus  controlling  the  length  of 
the  probe  that  projects  into  the 
guide.  Coupling  is  adjusted  to  give 
a  rectified  c-w  crystal  current  of 
about  0.5  ma.  The  wave  guide  ter¬ 
minates  in  a  wave  guide-to-coaxial 
line  transformer.  The  coaxial  line  is 
resonant  at  the  magnetron  frequency 
and  terminates  with  a  capacitor  to 
bypass  the  high  frequency  currents. 
The  crystal  forms  part  of  the  center 
conductor  of  the  coaxial  line.  The 
co^ial  line  feeds  the  30  or  60-mc  i-f 
into  the  input  stage  of  the  i-f  pre¬ 
amplifier. 

Beating  Oscillators 

In  order  to  receive  beacon  as  well 
as  echo  signals,  the  H2X  system 
must  be  equipped  with  two  beating 
oscillators,  since  the  beacon  fre¬ 
quency  is  too  far  removed  from  the 
magnetron  frequency  to  allow  elec¬ 
trical  retuning  of  the  oscillators,  and 
mechanical  retuning  is  inconvenient. 
The  oscillators  used  are  a  type  of 
reflex  klystron,  the  principles  of 
which  were  described  in  The  SCR- 
584  Radar,  Electronics,  December 
1945. 

The  oscillators  may  be  tuned  either 
by  a  mechanical  adjustment  which 
changes  the  dimensions  of  the  reso¬ 
nant  cavity  or  by  an  electrical  ad¬ 
justment  of  the  reflector  voltage. 
For  operation,  the  cavity  is  pre-set 
approximately  to  either  the  beacon 
or  magnetron  frequency  and  final 
manual  or  afc  adjustment  is  made  by 
varying  the  reflector  voltage. 

Tlia  I-F  Amplifier 

The  i-f  amplifiers  of  the  APS-15 
and  APQ-13  are  similar  in  principle 
except  that  the  APS-15  i-f  is  30  me 
and  that  for  the  APQ-13  is  60  me.  A 
simplified  schematic  of  the  APS-15 
i-f  amplifier,  detector,  and  video  is 
shown  in  Fig.  12.  The  i-f  stages  are 
single-tuned  and  heavily  loaded.  The 
over-all  bandwidth  obtained  is  about 
2  to  3  me.  Gain  control  is  obtained 
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FIG.  13 — ^Automatic  irequanqr  control  drcuit  used  in  APS-15  system 


by  varying  the  control-grid  bias  on 
the  third  and  fourth  i-f  stages. 

The  second  detector  is  a  diode,  the 
output  of  which  is  fed  through  an  i-f 
filter  to  the  grid  of  the  first  video 
amplifier.  Signals  are  negative  at 
this  point  and  are  limited  by  reach¬ 
ing  cutoff  of  the  video  amplifier. 
Limiting  is  necessary  to  prevent  ex¬ 
cessive  brightness  on  the  cathode- 
ray  tube  from  very  strong  signals. 
Range  marks  are  also  fed  in  at  this 
point.  The  range  marks  and  signals 
appearing  at  the  plate  of  the  first 
video  amplifier  are  fed  to  the  grid 
of  a  6AG7  cathode  follower.  A  diode 
d-c  restorer  is  used  at  the  grid  of  the 
cathode  follower.  Since  the  signals 
at  this  point  are  positive,  sufficiently 
strong  signals  would  drive  the  grid 
positive,  causing  grid  current  to 
flow.  Flow  of  grid  current  would 
produce  a  negative  bias  on  the  cath¬ 
ode  follower,  which  would  result  In 
failure  to  amplify  weak  signals  in 
the  presence  of  strong  signals.  Al¬ 
lowing  the  cathode  of  the  diode  to 
become  more  negative  than  the  plate 
would  result  in  flow  of  current 
through  the  diode.  The  diode  pre¬ 
vents  the  grid  of  the  cathode  follower 
from  becoming  more  negative  than 
the  bias  point  to  which  the  plate  of 
the  diode  is  connected.  Signals  from 
the  cathode  of  the  6AG7  are  fed 
through  the  video  gain  control  to 
the  indicator  grids. 

Tb«  APS-15  AFC  Circuit 

The  frequency  of  neither  the  mag¬ 
netron  nor  the  beating  oscillator 
klystron  is  sufficiently  stable  to  per¬ 
mit  satisfactory  system  operation 
without  automatic  frequency  control. 
Since  the  magnetron  is  heavily 
loaded,  small  variations  in  transmis¬ 
sion  line  matching  or  peak  pulse 
voltage  cause  considerable  pulling  of 
the  transmitted  frequency.  The  beat¬ 
ing  oscillator  klystron  is  sensitive  to 
thermal  and  voltage  variations. 

Automatic  frequency  control  is 
provided  by  a  standard  frequency 
discriminator  whose  output  electric¬ 
ally  controls  the  beating  oscillator 
frequency  by  varying  the  reflector 
voltage.  Frequency  discrimination 
is  made  on  the  part  of  the  main 
transmitted  pulse  that  leaks  through 
the  t-r  box;  the  gain  of  the  i-f  stages 
preceding  the  discriminator  is  suffi¬ 
ciently  low  so  that  only  the  trans¬ 
mitted  pulse  is  measured. 


Figure  13  is  a  simplified  schematic 
of  the  afc  circuit.  The  i-f  output 
from  the  preamplifier  is  sent  to  both 
the  receiver  and  the  afc  circuit.  A 
single  i-f  stage  is  inserted  between 
the  preamplifier  and  the  discrimi¬ 
nator,  and  the  discriminator  is  fol¬ 
lowed  by  a  direct-coupled  amplifier. 

The  884  is  connected  as  a  relaxa¬ 
tion  oscillator  and  provides  a  saw¬ 
tooth  voltage  which,  when  applied  to 
the  klystron  repeller,  causes  the  fre¬ 
quency  to  vary  approximately  40  me. 
The  average  frequency  about  which 
the  klystron  is  varying  40  me  is  con¬ 
trolled  by  the  mechanical  adjustment 
of  the  cavity  dimensions.  It  is  set  in 
a  preflight  inspection  so  that  the 
saw-tooth  voltage  qn  the  repeller 
causes  the  beating  oscillator  fre¬ 
quency  to  pass  through  a  range 
which  is  30  me  higher  than  the 
transmitter  frequency.  Hence  the 
884  action  sweeps  the  beating  oscil¬ 
lator  frequency  over  a  wide  range 
and  allows  the  afc  circuit  to  find  the 
signals. 

The  output  of  the  d-c  amplifier  fol¬ 
lowing  the  discriminator  is  coupled 
to  the  grid  of  a  2050  thyratron. 
When  the  beating  oscillator,  driven 
by  the  search  saw-tooth,  approaches 
the  correct  frequency,  the  discrimi¬ 
nator  output  is  first  negative,  then 
zero,  and  finally  positive.  When  the 
pulses  become  positive,  the  2050 
starts  to  conduct  and  prevents  fur¬ 
ther  rise  in  the  voltage  on  the  0.5-/jif 
sweep  capacitor;  thus,  the  884  plate 
voltage  cannot  reach  the  firing  point 
and  the  search  sweep  stops.  Conduc¬ 
tion  of  the  2050  tends  to  reduce  the 
charge  on  the  sweep  capacitor,  con¬ 
sequently  the  repeller  voltage  be¬ 
comes  more  negative  and  the  fre¬ 
quency  of  the  beating  oscillator 
becomes  too  high.  This  continues 
until  the  2050  ceases  to  conduct. 
Since  negative  pulses  will  be  received 
on  the  control  grid  under  these  con¬ 
ditions,  the  2050  does  not  conduct 
until  the  repeller  voltage  rises  and 


positive  pulses  appear  on  the  grid. 
The  result  of  this  operation  is  a 
rapid  saw-tooth  of  low  amplitude 
superimposed  upon  the  d-c  voltage 
required  to  keep  the  oscillator  at  the 
correct  frequency.  Since  the  band¬ 
width  of  the  discriminator  circuit 
is  less  than  the  bandwidth  of  the 
receiver,  these  small  fluctuations  on 
the  beating  oscillator  frequency  have 
no  noticeable  effect  on  the  signals. 

Tb«  APQ-13  AFC  CircHif 

The  APQ-13  afc  circuit  is  shown 
in  Fig.  14.  Up  to  the  direct-coupled 
amplifier  foUowing  the  frequency 
discriminator  the  two  circuits  are 
essentially  the  same.  However,  in 
the  APQ-13  circuit,  the  output  of  the 
discriminator  is  direct-coupled  to  the 
reflector  through  a  differential  am¬ 
plifier.  The  amplifier  smooths  and 
integrates  the  output  pulses  of  the 
discriminator  so  the  voltage  applied 
to  the  reflector  is  unmodulated. 

The  range  of  operation  of  the 
amplifier  is  plus  or  minus  50  volts. 
The  d-c  value  about  which  this  vari¬ 
ation  occurs  is  determined  by  the 
setting  of  the  manual  tuning  potenti¬ 
ometer;  thus,  the  voltage  range  on 
the  repeller  depends  on  the  setting 
of  the  manual  tuning  control.  If  the 
cavity  of  the  beating  oscillator  is 
properly  adjusted,  signals  are  re¬ 
ceived  with  the  control  in  mid-range 
and  the  afc  circuit  can  then  follow 
transmitter  frequency  variations  in 
either  direction. 

The  APQ-13  afc  circuit  does  not 
have  an  automatic  frequency  search ; 
the  afc  circuit  is  not  switched  on 
until  the  beating  oscillator  is  tuned 
to  the  proper  frequency  by  the  man¬ 
ual  control. 

Tb«  AF9-13  SyachroBiMr 

The  APQ-13  synchronizer  consists 
of  five  principal  circuits:  the  range 
sweep,  the  range  mark  pulser,  the 
automatic  frequency  control,  the  i-f 
amplifier,  and  the  video  amplifier. 
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PIG.  14 — Automatic  frequency  control  circuit  used  in  APQ-13  system 


The  afc  circuit  has  been  described 
above.  The  i-f  amplifier  and  video 
circuits  will  not  be  described  because 
they  are  similar  to  the  APS-15  cir¬ 
cuits.  The  range  sweep  and  range 
mark  pulser  circuits  are  shown  in 
simplified  schematic  form  in  Fig.  15. 

The  incoming  trigger  pulse  from 
the  range  unit  is  amplified  and  in¬ 
verted  by  one  section  of  a  6SN7  and 
applied  to  the  plate  of  the  first  sec¬ 
tion  of  the  pre-pulser  or  start-stop 
multivibrator.  This  is  a  one-shot 
type  of  multivibrator,  described  in 
the  section  on  the  range  unit.  In  the 
quiescent  condition,  the  second  stage 
is  conducting,  holding  the  first  sec¬ 
tion  in  a  nonconducting  condition. 
The  arrival  of  the  negative  trigger 
on  the  plate  of  the  first  section  and  in 
the  grid  of  the  second  section 
through  the  interstage  capacitor 
causes  the  first  stage  to  be  switched 
to  a  conducting  condition  and  the 
second  to  a  nonconducting  condition, 
generating  a  square  pulse  at  the 
plates.  The  tubes  would  normally  re¬ 
main  in  this  condition  until  the  grid 
circuit  of  the  second  stage  was  dis¬ 
charged;  however,  before  the  grid 
circuit  is  discharged,  a  large  nega¬ 
tive  pulse  from  the  sweep  limiter 
stage  arrives  on  the  grid  of  the  first 
section  of  the  pre-pulser,  causing  the 
circuit  to  switch  rapidly  to  its  orig¬ 
inal  condition. 

The  sweep  limiter  is  another  one- 
shot  multivibrator.  The  square  pulse 
from  the  pre-pulser  initiates  the  saw¬ 
tooth  range  sweep,  and  its  duration 
determines  the  duration  of  the 
sweep.  This  saw-tooth  voltage  is  ap¬ 
plied  to  the  grid  of  the  first  section 
of  the  sweep  limiter,  which  is  nor¬ 
mally  nonconducting.  When  the 
sweep  voltage  reaches  an  amplitude 
equal  to  the  bias  on  the  grid  of  the 
first  section,  the  sweep  limiter  fires, 
supplying  the  pre-pulser  with  a  trig¬ 
ger  that  terminates  the  square  wave 
and  the  sweep. 

The  positive  square-wave  output 


of  the  pre-pulser  is  fed  to  a  linear 
amplifier  which  inverts,  producing  a 
negative  square  wave  at  its  plate. 
Since  the  sweep-generating  tube  has 
a  d-c  transmission  path  to  the  plate 
of  this  linear  amplifier,  the  control 
grid  of  the  sweep  generator  is  held  at 
zero  potential  due  to  grid-current 
flow,  and  the  tube  is  held  in  a  con¬ 
ducting  condition.  When  the  nega¬ 
tive  square  wave  is  applied,  however, 
the  sweep  generator  ceases  to  con¬ 
duct  and  its  plate  voltage  rises  at  a 
rate  determined  by  the  RC  value  in 
its  plate  circuit.  Different  values,  as 
determined  by  a  switch  in  the  con¬ 
trol  box,  provide  sweeps  of  different 
speeds.  Although  the  rise  is  actually 
exponential,  such  a  small  portion  is 
used  that  it  is  essentially  linear. 

Ampliliqr  CIreaitt  of  Syochroaizor 

The  final  stages  of  the  range 
sweep  circuit  consist  of  two  three- 
stage  cathode  feedback  amplifiers  in 
parallel,  one  for  the  operator’s  indi¬ 
cator  and  one  for  the  auxiliary  indi¬ 
cator.  Each  amplifier  is  identical  and 
operates  from  the  output  of  the  sweep 
generator.  The  first  two  stages  of 
each  are  linear  amplifiers  and  the 
last  stage  is  a  cathode  follower.  The 
first  section  of  the  operator’s  indi¬ 
cator  amplifier  also  serves  as  a  cath¬ 
ode  follower  to  supply  the  saw-tooth 
to  the  sweep  limiter  as  previously  ex¬ 
plained.  Since  the  gain  following  this 
stage  is  constant,  the  sweep  limiter 
serves  to  cut  the  sweep  off  at  a  con¬ 
stant  peak  current  through  the  de¬ 
flection  coils,  thus  holding  the  sweep 
on  the  indicator  to  a  fixed  length  ir¬ 
respective  of  sweep  speed. 

The  second  stage  of  the  sweep  am¬ 
plifier  has  no  cathode  resistor  and 
acts  as  a  grid-leak  detector  to  pro¬ 
duce  a  form  of  d-c  reinsertion.  The 
interstage  coupling  capacitor  re¬ 
moves  the  d-c  component  of  the  neg¬ 
ative  saw-tooth  wave.  The  remain¬ 
ing  a-c  component  is  applied  to  the 
control  grid  and  causes  it  to  swing 


with  equal  areas  positive  and  nega¬ 
tive  with  respect  to  ground.  When 
the  grid  goes  positive,  grid  current 
is  drawn  through  the  grid  resistor 
and  biases  the  grid  negatively.  The 
time  constant  of  the  grid  circuit  is 
long  enough  so  that  the  capacitor 
will  not  discharge  appreciably  be¬ 
tween  pulses. 

This  self-biasing  action  results  in 
a  positive  saw-tooth  wave  at  the  plate 
having  peak  values  independent  of 
pulse  duration. 

D-C  R*ins«rfioii  in  SynchreniMr 

Between  the  second  and  output 
stage  of  the  sweep  amplifier  is  an  au¬ 
tomatic  centering  diode,  the  purpose 
of  which  is  to  establish  a  definite 
voltage  on  the  grids  of  the  output 
tube  at  the  beginning  of  each  sweep. 
The  sweep  deflecting  coil  current 
must  be  returned  to  zero  before  the 
beginning  of  each  sweep,  so  that  the 
sweep  will  start  from  the  center  of 
the  tube.  Current  in  the  cathode  cir¬ 
cuit  of  the  output  tubes  is,  therefore, 
completely  cut  off  during  the  off 
periods  of  the  sweep  by  biasing  them 
to  —55  volts,  which  is  about  10  volts 
below  cutoff  bias. 

A  diode  is  employed  to  provide  d-c 
reinsertion  in  order  to  stabilize  the 
grid  voltage  at  —55  volts  between 
sweeps.  Without  the  diode  the  in¬ 
stantaneous  control-grid  potentials 
of  the  output  tubes  would  rise  and 
fall  about  their  average  a-c  value. 
This  average  value  would  be  differ¬ 
ent  for  short  and  long  sweeps.  The 
diode  prevents  this  and,  in  effect, 
provides  d-c  coupling  between  the 
two  stages. 

The  output  stage  is  a  cathode  fol¬ 
lower  whose  cathode  is  returned  to 
ground  via  the  sweep  coil  of  the  op¬ 
erator’s  indicator  and  a  portion  of 
the  cathode  resistance  in  the  first 
stage  of  the  sweep  amplifier.  Thus, 
the  plate  current  of  the  last  ampli¬ 
fier  stages  introduces  a  drop  in  the 
cathode  circuit  of  the  first  stage  of 
such  polarity  as  to  bias  down  the  first 
stage.  Such  an  arrangement  intro¬ 
duces  negative  feedback  which  im¬ 
proves  the  linearity  of  the  sweep. 

Rang*  Marker  of  Syechronizer 

The  range  marker  circuit  (upper 
right  in  Fig.  15)  produces  a  series  of 
video  pulses,  evenly  spaced  at  inter¬ 
vals  corresponding  to  one  or  five 
miles  depending  upon  the  setting  of 
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the  range  marker  switch.  The  first 
pulse  appears  at  the  time  of  the 
transmitted  pulse.  When  these  pulses 
are  injected  into  the  video  amplifier 
and  appear  on  the  indicator  screens, 
the  rotation  of  the  sweep  coil  forms 
them  into  circles  of  illumination  that 
can  be  used  to  determine  range  to 
an  object  appearing  on  the  screen. 

The  input  to  the  range  marker 
circuit  is  a  negative  square  pulse 
with  a  duration  equal  to  the  duration 
of  the  sweep.  The  square  pulse  is 
applied  to  the  grid  of  a  squelch  tube. 
This  tube,  when  conducting,  prevents 
the  range  marker  oscillator  from  os¬ 
cillating.  Application  of  the  nega¬ 
tive  pulse  cuts  the  squelch  tube  off 
and  permits  oscillation.  The  range 
marker  oscillator  then  oscillates  at  a 
frequency  determined  by  the  con¬ 
stants  of  the  positive  feedback  (reso¬ 
nant)  circuit  between  the  cathodes 
of  the  two  sections.  Each  of  the  two 
resonant  circuits  can  be  selected  sep¬ 
arately  to  give  the  different  range 
mark  spacings,  or  the  oscillator  may 
be  disabled  to  remove  the  range 
marks.  Since  the  oscillator  is  heav¬ 
ily  loaded,  the  nominal  sine-wave  out¬ 
put  is  considerably  flattened,  result¬ 
ing  in  a  nearly  square-wave  output. 
This  is  differentiated  in  the  air-core 
transformer,  producing  a  positive 
pip  at  the  beginning  of  the  square 
wave  and  a  negative  pip  at  the  end. 
These  positive  and  negative  pips  are 


applied  to  a  cathode  follower  with  its 
control  grid  biased  to  cutoff;  thus, 
the  positive  marks  only  appear  at  the 
cathode  and  are  passed  on  to  the 
video  amplifier. 

The  AFS-15  Receiver-ledicotor 

The  APS-15  receiver-indicator  cir¬ 
cuit,  shown  in  Fig.  16,  contains  the 
i-f  and  video  amplifiers,  a  plan  posi¬ 
tion  indicator,  an  A  scope,  and  the 
timing  oscillator.  The  timing  oscil¬ 
lator  generates  two  simultaneous 
pulses  that  are  used  to  trigger  the 
receiving  equipment  and  the  trans¬ 
mitting  equipment  when  the  range 
unit  is  off.  The  negative  pulse  from 
the  timing  oscillator  is  used  to  trig¬ 
ger  the  ppi  and  A  scope  sweep  cir¬ 
cuits,  the  A  scope  blanking,  and  the 
clamping  tubes.  The  positive  pulse 
from  the  timing  oscillator  is  used  to 
trigger  the  pulse-delay  circuit,  which 
in  turn  triggers  the  transmitter,  the 
range-mark  generator,  and  the  ppi 
blanking  circuit;  a  portion  of  this 
positive  pulse  is  also  applied  to  the 
ppi  sweep  waveform  to  modify  its 
shape. 

The  constants  of  the  multivi¬ 
brator-type  timing  oscillator  are 
chosen  to  provide  the  proper  pulse 
repetition  frequencies.  In  addition, 
the  durations  of  the  positive  and 
negative  halves  of  the  generated 
square  wave  are  controlled  by  con¬ 
stants  which  may  be  varied  by  the 


range  switch.  The  oscillator  will  os¬ 
cillate  at  650  cps  for  operation  with 
the  one-microsecond  r-f  pulse  for 
normal  search,  or  at  300  cps  for 
beacon  operation  with  the  two-micro¬ 
second  pulse. 

When  the  precision  functions  of 
the  equipment  are  employed  for 
bombing  or  for  accurate  determina¬ 
tion  of  range  to  distant  objects,  the 
transmitting  and  receiving  circuits 
are  controlled  by  pulses  originating 
in  the  range  unit.  The  timing  oscil¬ 
lator  is  locked  in  with  the  range  unit 
at  repetition  rates  of  1010  for  bomb¬ 
ing  employing  a  half-microsecond 
r-f  pulse  and  at  311  for  beacon  oper¬ 
ation.  The  pulses  from  the  range 
unit  are  fed  through  a  buffer  ampli¬ 
fier  to  isolate  the  ppi  pre-trigger 
blocking  oscillator  from  the  timing 
oscillator. 

Since  the  starting  portions  of  the 
sweeps  are  nonlinear,  it  is  desirable 
not  to  use  them.  This  is  accom¬ 
plished  by  starting  the  sweeps  early, 
delaying  the  firing  of  the  transmit¬ 
ter,  and  unblanking  the  indicator 
and  starting  the  range-mark  gener¬ 
ator  at  the  time  the  transmitter  fires. 

The  delay  of  the  transmitter  firing 
time  is  accomplished  by  the  pulse  de¬ 
lay  tube.  This  tube,  in  the  quiescent 
state,  has  its  grid  biased  far  below 
cutoff.  The  positive  square  wave 
from  the  timing  oscillator  is  applied 
through  a  resistor  to  the  control  grid 
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of  the  pulse  delay  tube.  The  capaci¬ 
tor  connected  from  grid  to  ground 
slows  down  the  rise  of  the  grid  volt¬ 
age  so  that  several  microseconds  are 
required  for  the  grid  to  reach  cutoff. 

The  output  of  the  pulse  delay  tube 
is  applied  through  a  differentiating 
network  to  the  grid  of  a  pulse  ampli¬ 
fier  stage.  This  stage,  with  the  pulse 
delay  tube,  functions  as  a  cathode- 
coupled  multivibrator  to  produce 
high-amplitude  pulses  with  a  rapid 
rate  of  rise.  The  output  of  the  pulse 
amplifier  is  differentiated  and  ap¬ 
plied  to  the  grid  of  a  cathode  fol¬ 
lower,  which  is  biased  below  cutoff. 
A  sharp  positive  pulse  is  produced 
at  the  cathode  of  the  cathode  follower 
and  serves  to  trigger  the  modulator. 

A  6L6  is  employed  to  provide  the 
current  through  the  rotor  of  the 
sweep  synchro.  The  control  grid 
voltage  is  supplied  from  the  sweep 
generator.  The  sweep  produced  in 
the  rotor  of  the  synchro  is  resolved 
by  the  two  stator  windings  (which 
are  in  space  quadrature)  into  hori¬ 
zontal  and  vertical  components.  The 
outputs  of  these  windings  are  fed 
through  amplifiers  to  two  deflection 
coils  which  are  also  in  space  quadra¬ 


ture,  thus  producing  a  magnetic  field 
to  deflect  the  beam  of  the  .cathode 
ray  tube  in  a  direction  to  correspond 
with  the  orientation  of  the  rotor  of 
the  synchro. 

D-C  Reinsertion  in  APS-15 

As  explained  in  connection  with 
the  APQ-13  synchronizer,  a  method 
of  d-c  reinsertion  must  be  employed 
on  the  sweep  amplifiers  in  order  that 
the  sweep  will  start  from  the  center 
of  the  tube  for  all  sweep  lengths. 
The  method  of  d-c  reinsertion,  or 
clamping,  used  in  the  APS-15  makes 
use  of  two  triode  sections  in  series 
from  +100  volts  to  ground.  The  volt¬ 
age  between  the  junction  of  the  plate 
and  cathode  of  the  two  sections  and 
ground  is  about  +6  volts.  The  clamp¬ 
ing  tube  functions  as  a  voltage  regu¬ 
lator.  If  the  juncture  tends  to  be¬ 
come  more  positive,  the  cathode  of 
the  section  whose  plate  is  connected 
to  +100  volts  becomes  more  positive, 
hence  its  grid  in  effect  becomes  more 
negative,  the  current  through  both 
sections  is  reduced,  and  the  juncture 
drops  in  potential.  If  the  juncture 
tends  to  become  more  negative,  the 
reverse  effect  is  produced.  Since  the 


bias  applied  to  all  four  sweep  tubes 
is  equal,  their  plate  currents  are 
equal ;  thus,  the  sweep  will  start 
from  the  center  of  the  tube.  When 
the  sweep  voltage  appears  on  the 
grids,  the  clamping  tubes  have  no 
function  and  they  are  cut  off  by  a 
negative  pulse  on  their  grids  until 
the  end  of  the  sweep. 

The  receiver-indicator  contains 
circuits  for  generating  precision 
range  marks.  Four  different  spac- 
ings  are  provided,  each  spacing  de¬ 
rived  from  a  separate  resonant  cir¬ 
cuit.  Coincident  with  the  firing  of 
the  transmitter  a  negative  square 
wave  is  supplied  to  the  range  marker 
circuit  by  the  pulse  delay  tube.  The 
application  of  this  negative  gate  on 
the  control  grid  of  the  input  stage 
suddenly  interrupts  the  current 
through  the  inductance  of  the  reso¬ 
nant  circuit,  thereby  producing  a 
train  of  damped  oscillations.  The 
oscillations  are  amplified,  clipped, 
shaped  into  sharp  pulses,  and  mixed 
with  the  video  in  the  video  amplifier. 
As  seen  on  the  indicators,  the  range 
marks  are  concentric  circles  which 
are  used  as  references  for  accurately 
estimating  echo  ranges. 


FIG.  16— RvceiTer-indicator  circuit  of  APS-15  system 


ELECTRONICS  —  Jane  1946 


149 


Theoretical 


By  J.  ERNEST  SMITH 

Manager,  Microwave  Group 
Raytheon  M/g.  Co. 

M  altham,  Maes. 


C  :  peak  amplitude  of  radio  frequency 
carrier 

C,  :  peak  amplitude  of  subcarrier  in 
double  modulation  system 
fa  :  transmission  bandwidth  of  intelli¬ 
gence  portion  of  system 
fd  :  peak  frequency  deviation  of  carrier 
or  subcarrier  from  unmodulated 
frequency 

fg  :  transmission  bandwidth  of  multi¬ 
plex  system 

ft  :  frequency  of  subcarrier 
2/t  :  transmission  bandwidth  of  inter¬ 
mediate  frequency  portion  of  sys- 
tem 

2/r :  transmission  bandwidth  of  radio 
frequen^  portion  of  system 
fi  :  lower  limit  of  a  given  channel 
within  a  multiplex  system 
ft  :  higher  limit  of  a  given  channel 
within  a  multiplex  system 
m  :  percent  modulation  in  an  ampli¬ 
tude  modulation  system 
N  equivalent  fluctuation  noise  volt¬ 
age;  subscript  refers  to  bandwidth 
over  which  particular  noise  voltage 
is  developed 

n  :  number  of  channels  in  a  multiplex 
system 

5  :  voltage  of  detected  intelligence 
signal 

deviation  ratios  of  fi^uency  modu¬ 
lation  systems  are  indicated  by  (  )rw/ 
to  indicate  deviation  radio  ccurier 
fre<piency,  and  by  (  ),./  to  indicate 
deviation  of  the  subcarrier  frequency 


Table  I — ^Nomenclature  used  in 
equations 


and  telegraphy,  facsimile,  radiophoto, 
and  business  machine  data.  Design 
of  such  facilities  requires  knowledge 
of  the  modulation  methods  that  pro¬ 
vide  optimum  signal-to-noise  ratios 
in  the  individual  channels  of  a  multi-^ 
channel  system.  .Knowing  the  signal- 
to-noise  ratio  of  a  channel,  the  de¬ 
signer  of  a  system  that  is  to  transmit 
different  types  of  intelligence  can  al¬ 
locate  to  each  channel  only  as  much 
of  the  total  transmitted  energy  as  is 
required  for  satisfactory  reception 
of  each  type  of  intelligence.  By  thus 
weighting  each  channel,  an  optimum 
number  of  channels  can  be  obtained 
for  a  fixed  transmitted  power  and 
bandwidth. 


mal  agitation,  and  antenna  pickup 
(site)  noise,  cannot  be  removed. 
Above  300  me  shot  noise  predomin¬ 
ates  to  the  extent  that  thermal  and 
site  noise  can  be  neglected.  Within 
the  acceptance  band  of  the  receiver, 
fluctuation  noise  can  be  considered 
as  a  finite  bandwidth  of  components 
having  equal  amplitudes  but  random 
phases. 

Define  noise  power  density  as 
the  noise  power  per  unit  of  band¬ 
width  (watts  per  cycle) .  Noise  power 
generated  by  the  receiver  is  directly 
proportional  to  bandwidth.  The 
equivalent  fluctuation  noise  voltage 
N  is  proportional  to  the  square  root 
of  bandwidth.  This  noise  voltage, 
wherever  it  is  generated,  will  be  re¬ 
ferred  to  the  antenna  input  termin¬ 
als.  To  include  the  bandwidth  in 
which  this  noise  exists,  use  the  no¬ 
menclature  Nf,  where  N  is  the  peak 
value  of  the  fluctuation  noise  in  the 
frequency  band  /. 

Nolt*  Determinotioii 

The  signal  to  noise  ratio  (C/N)tfr, 
where  the  notation  is  explained  in 
Table  I,  can  be  obtained  by  measure¬ 
ment:  Connect  an  r-f  generator  di¬ 
rectly  to  an  a-m  superheterodyne  re¬ 
ceiver  and  amplitude  modulate  the 
r-f  generator  100  percent  with  an 
audio  tone.  Because  the  tone  fully 
modulates  the  carrier,  the  detected 
signal  S  is  a  precise  audio  measure¬ 
ment  of  the  magnitude  of  the  r-f  car¬ 
rier.  We  have  assumed  the  existence 
of  a  noise  magnitude  Ntfr  at  the  re¬ 
ceiver  input  terminals.  This  magni¬ 
tude  will  be  different  at  the  mixer 
due  to  the  antenna  coupling  circuits. 
However,  the  modulated  carrier  will 
be  modified  also  so  that  (C/N)nr  re- 


COMPARATIVE  ANALYSIS  showS  the 
signal-to-noise  ratios  obtainable 
in  multichannel  amplitude  modula¬ 
tion  and  frequency  modulation  trans¬ 
mission  systems.  This  discussion  ap¬ 
plies  particularly  to  ultra  and  super 
high-frequency  radio  relay  circuits 
for  point-to-point  communication. 
Equations  are  derived  which  indicate, 
among  other  things,  that,  for  equal 
transmitted  powers  and  radio  fre¬ 
quency  bandwidths,  double  f-m  sys- 
stems  offer  advantages  over  double 
a-m  systems. 

Ultra  and  super  high-frequency 
radio  relays  are  being  planned  for 
transmission  of  television,  high  qual¬ 
ity  programs,  multiplex  telephony 


Work  on  which  this  article  is  based  was 
done  while  author  was  a  member  of  the  staff 
of  RCA  Laboratories  at  66  Broad  Street, 
New  York,  N.  T. 


Types  of  Medolatieo  oiid  Nolto 

Several  types  of  transmission  can 
be  employed,  all  using  either  a-m  or 
f-m.  In  a  single  modulation  system 
the  intelligence  modulates  the  trans¬ 
mitted  carrier.  In  a  double  modula¬ 
tion  system  the  intelligence  signal 
modulates  a  subcarrier  which,  in 
turn,  modulates  the  transmitted  car¬ 
rier.  For  single  channel  transmis¬ 
sion,  only  one'  intelligence  signal  is 
used. 

Two  types  of  noise  can  affect 
radio  transmission.  Impulse  noise, 
accurately  represented  by  a  unit  im¬ 
pulse,  can  be  considered,  at  the 
higher  frequencies,  as  a  finite  band¬ 
width  of  components  having  equal 
amplitudes  and  the  same  phases.  This 
interference  produces  transients  in 
the  receiver,  but  being  of  local-origin 
its  effects  can  be  reduced  by  shield¬ 
ing  the  noise  source  or  relocating  the 
receiver's  antenna. 

On  the  other  hand  fluctuation 
noise,  due  largely  to  shot  effect,  ther¬ 
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Signal-to-Noise  Ratios 

I 

f  - -  •  - 


Signal-to-noise  ratios  are  derived  in  terms  of  the  frequency  bands  of  the  signal  and  of  the 
transmitted  radio  carriers.  Resulting  equations  indicate  merits  of  various  combinations  of 
modulation  and  multiplex  with  respect  to  noise.  Frequency  and  amplitude  modulation  sys¬ 
tems  are  compared 


or 

iC/N)2fr  =  (fJfry'KS/N)fa 

Noise  Moasurement 

The  ratio  (S/N)f,  is  obtained  di¬ 
rectly  by  measurement.  With  the 


The  intermediate  frequency  carrier- 
to-noise  ratio  as  modified  by  the  i-f 
pass-band  is  expressed  as 

Equation  1  gives  the  carrier-to- 
noise  ratio  that  is  applied  to  the  re¬ 
ceiver  detector.  The  function  of  the 
detector  is  to  reproduce  the  original 
modulating  tone  by  folding  the  lower 
sidebands  upon  the  upper  sidebands 
so  that  they  add  in  phase  to  produce 
a  resultant  S  equal  in  magnitude  to 
C.  The  sidebands  of  noise  are  filled 
with  components  of  equal  amplitude 
and  random  phase.  When  the  lower 
sideband  is  folded  on  the  upper,  the 
noise  power  in  the  band  zero  to  ft 
from  the  detector  is  twice  that  of  the 
upper  sideband  alone.  Normally,  the 
detector  output  contains  a  low-pass 
^ter  of  cutoff  frequency  /,  where  /. 
is  much  less  than  /«.  Accordingly, 
this  filter  will  reject  all  noise  compon-  , 
ents  greater  than  /,  and  the  output 
noise  power  is  reduced  by  the  factor 
/•//i,  therefore 

(S/N)fa^{C/N)2fa  q.  TT  ^  •  i  lUf  J  1 

=“  (Ji/fmy^{C/N)tfi  Tcxble  II — Comparison  of  Modula- 

=  (/r//.)‘'*(C/iV)j/r  tion  Systems 


Basic  signal-to-noise  equations  derived 
in  text  for  a  bandwidth  /„ 

Amplitude  Modulation 
Single: 

Double:  /o=  — ~1=  ( 

V  ^  /  2n  V  2  V  /  */- 

Frequency  Modulation 
Single:  (I-)  ^  = 

Comparing  one  system  with  another 
gives 

Double  a-m  1 
Single  a-m  2nVy 

Single  f-m  _  ylz 


Single  a-m  m 
Double  f-m 


m,. 


Single  a-m 

H  2\f»  /  \/«/  •-/ 

Double  f-m  2  VT/  ^  — ^ 
Double  a-m  “  \  /.  /  r-/ 

Double  f-m  1  ( l£\ 

Single  f-m  “  \  /.  /  .-/ 

The  last  ratio  is  for  identical  inter¬ 
mediate  frequency  bandwidths 


mains  unchanged.  We  assume  that 
the  mixer  has  a  linear  conversion 
characteristic.  The  intermediate  fre¬ 
quency  carrier-to-noise  ratio  will 
then  equal  the  r-f  carrier-to-noise 
ratio  if  A  =  This  latter  equality 
is  not  obtained  in  practice.  In  fact, 
receiver  selectivity  is  almost  entirely 
determined  by  /♦  and,  in  general,  /, 
will  be  much  less  than  A  por¬ 
tion  of  the  noise  is  thus  rejected  by 
the  i-f  band,  consequently 


switch  of  survey  receiver  shown  in 
Fig.  1  in  position  N  and  no  modula¬ 
tion  of  the  r-f  generator,  the  oscillo¬ 
scope  will  trace  the  fluctuation  noise 
output  of  the  receiver.  With  the 
switch  in  position  S  and  100  percent 
modulation  of  the  r-f  generator,  the 
signal  S  will  be  shown  on  the  oscillo¬ 
scope.  The  audio  band-pass  filter 
minimizes  noise  during  the  signal 
measurement  so  that  the  ratio  of  the 
vertical  deflections  obtained  gives 
the  desired  signal-to-noise  ratio  in 
the  band  /..  The  a-m  receiver  de¬ 
scribed  can  be  used  as  a  survey  re¬ 
ceiver.  Reliable  C/N  measurements 
are  made  at  the  receiving  sites  with 
transmitting  and  receiving  antenna 
gains  calibrated  with  respect  to  the 
actual  radio  circuit  equipment. 
Noise  factor  of  the  survey  receiver 
should  be  known  relative  to  that  of 
the  proposed  relay  receiver. 

Threshold  Rolotiens 

In  the  previous  section  we  assumed 
that  S/N  (detected  carrier-to-noise 
ratio)  at  the  output  of  the  a-m  de¬ 
tector  was  linearly  proportional  to 
C/N  at  the  input  to  the  detector.  It 
has  been  demonstrated  experiment¬ 
ally  that  this  relation  holds  as  long 
as 

(C/AT)*/.-  >  1  (2) 

We  may  define  Eq.  2  as  the  thres¬ 
hold  condition  for  an  amplitude  mod¬ 
ulated  signal.  Crosby  has  shown  that 
the  corresponding  threshold  condi¬ 
tion  in  frequency  modulation  requires 
that 

(C/AOvi  ?  2  (3) 

In  a  particular  radio  relay  link  the 
radiated  power,  distance  of  transmis- 
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sion,  and  receiver  i-f  bandwidth  must 
be  correlated  to  satisfy  the  threshold 
relations  and  the  desired  S/N  in  a 
particular  intelligence  channel.  The 
information  needed  to  meet  these  re¬ 
quirements  with  a  simple  survey 
measurement  is  derived  in  succeeding 
sections. 

Siii9l«  Modalation  A-m 

In  a  single  modulation  a-m  system 
the  i-f  band  need  be  only  2/,  wide  to 
pass  the  modulated  carrier.  Actually, 
due  to  Q  limitations  of  the  circuits, 
it  usually  exceeds  this  value. 

Assume  that,  in  the  mixer  or  first 
detector  stage  of  the  receiver,  the 
local  heterodyne  oscillations  are  of 
high  amplitude  compared  with  the 
incoming  signal;  i.e.,  the  mixer  does 
not  affect  C/N. 

At  the  input  to  the  second  detector 
one  might  say  that  three  waves  exist; 
namely,  the  carrier  C,  the  noise  N 
and  the  signal  S.  For  100  percent 
modulation,  S  equals  C  in  magnitude. 
Thus,  the  output  of  the  a-m  detector 
has  an  S/N  equal  to  C/N  in  the  i-f 
band  when  /«  =  /,.  When  /,  is  greater 
than  /„  we  consider  only  C/N  within 
the  portion  of  the  i-f  band  2/,  wide 
because  all  other  noise  components 
are  rejected  by  the  detector  output 
circuit. 

We  may  then  write  for  100  percent 
modulation  (S/N)  =  (C/N),f,.  For 
less  than  100  percent  modulation, 
S/N  is  directly  proportional  to  the 
modulation  index.  Thus 

(S/N)f.«fn(C/N)tu  (4) 

Dovbl*  ModalatioR  A-n 

In  a  double  modulation  a-m  system 
the  intelligence  signals  amplitude 
modulate  their  respective  sub¬ 
carriers.  These  subcarriers  ampli¬ 
tude  modulate  the  transmitted  r-f 
carrier.  The  r-f  and  i-f  bandwidths 
of  the  receiver  must  be  at  least  2f, 
wide,  where  /,  =  /.  -4-  /*  +  .  .  -  A,  to 
pass  the  modulated  carrier  without 
distortion.  Then  C/N  in  the  r-f  band 
is 

(C/  mifr  =  (fjfr)'  ^(C/  N)va  (5) 

Similarly  C/N  in  the  i-f  band  be¬ 
comes 

(C/i\0vi  =  (fM'^(C/N)tfa  (6) 

To  determine  the  subcarrier-to- 
noise  ratio  after  the  group  detector, 
we  again  consider  the  noise  within 
the  i-f  band  extending  f,  on  either 


FIG.  1 — How  noiso  at  tho  rocoiTor  input 
U  meaiurod  in  the  field 


side  of  the  central  frequency,  because 
all  other  noise  components  are  re¬ 
jected  by  the  low-pass  filter  following 
the  detector.  Thus 

(C/N)v,  =  (fM^'*(C/mifi 

=  (JJf,)''*(C/N)tf.  (7) 

Writing  C,  for  the  peak  amplitude 
of  any  subcarrier  and  temporarily 
assuming  that  the  subcarrier  modu¬ 
lates  the  radiated  r-f  carrier  to  100 
percent,  we  obtain  from  Eq.  4 

(C,/N)f,^(C/N),f,  (8) 

for  the  subcarrier-to-noise  ratio  in 
the  bandwidth  of  the  total  group  of 
intelligence  signals  f,. 

The  arrangement  assumed  in  Eq.  8 
would  not  permit  transmission  of  in¬ 
telligence  because  an  increase  in  the 
amplitude  of  the  subcarrier  due  to 
modulation  by  the  intelligence  signal 
would  cause  the  subcarrier  to  over¬ 
modulate  the  r-f  carrier.  Therefore, 
to  allow  an  intelligence  signal  to  mod¬ 
ulate  its  subcarrier  100  i)ercent  we 
must  reduce  C,.  For  n  channels,  C, 
equals  C/2n  to  avoid  over  modulation 
during  the  intervals  when  all  sub¬ 
carriers  add  in  phase.  Rewriting  Eq. 
8  for  n  intelligence  channels  gives 

(CM/N)„=^(l/2n)(C/N)tf,  (9) 

In  the  group  band  each  channel 
occupies  a  band  2/.  wide.  Because  the 
noise  is  equally  distributed  over  this 


band,  the  effect  of  filtering  any  chan¬ 
nel  will  be  to  reduce  the  noise  in  that 
band  to 

Ntf.^(2U/f,)^^Nf„  (10) 

Substituting  Eq.  7  and  10  into 
Eq.  9  gives 


2nVT(^)*/- 


It  should  be  noted  in  this  case  that 
the  noise  in  any  filtered  channel  does 
not  depend  upon  its  position  in  the 
frequency  spectrum  but  only  upon 
the  channel  bandwidth  and  this  band¬ 
width  need  never  exceed  2/..  After 
final  detection  of  this  channel  signal, 
the  signal-to-noise  ratio  becomes,  for 
100  percent  modulation  of  the  sub¬ 
carrier 


(S/N)  fa  =  (CJN)2fj^ 

=  {l/2n^J2)  (C/ N)tfa  (12) 

and  for  m  percent  modulation  of  the 
subcarrier 


(5/  N)f.  =  (m/2n  ^l2)  (C/  iV),/,  (13) 

For  a  double  modulation  system  in 
which  only  one  intelligence  is  trans¬ 
mitted  n  =  1.  Inserting  this  value  in 
Eq.  13  and  comparing  the  result  with 
Eq.  4,  we  note  that  the  double  a-m 
system  has  a  worse  S/N  than  the 
single  a-m  system  by  a  factor  of  2V2 
or  nine  decibels.  Six  decibels  of  this 
loss  is  due  to  the  energy  required  to 
transmit  the  subcarrier.  The  remain¬ 
ing  three  decibels  are  accounted  for 
by  the  fact  that  the  single  a-m  system 
has  a  noise  acceptance  band  of  2/., 
whereas  the  double  a-m  system  has 
two  noise  acceptance  bands,  each  of 
bandwidth  2/.  in  the  r-f  spectrum 
and,  consequently,  the  latter  accepts 
V2  times  more  noise.  If  the  sub¬ 
carrier  and  one  sideband  are  sup¬ 
pressed  as  in  some  single  sideband 
systems,  the  double  a-m  system  is, 
in  effect,  converted  to  a  single  a-m 
system  and  the  nine  decibels  are 
regained. 


Siagl*  Modalatlon  F-m 

Mathematical  analysis  of  a  fre¬ 
quency  modulated  carrier  shows  that 
an  infinite  number  of  sidebands  are 
produced.  Therefore,  a  finite  receiver 
i-f  bandwidth  must  introduce  some 
distortion  due  to  sideband  clipping. 
This  type  of  distortion  appears  as 
concomitant  amplitude  and  phase 
modulation  of  the  i-f  carrier.  The 
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KNOW  HOW 


. .  that  anticipates 
electronic 
socket 

requirements 

Intensive  research  on  JAN 


Wartime  Standards  developed  the  new  Cinch  miniature 
socket,  combining  the  best  qualities  of  the  war  time 
version  and  the  prewar  commercial  type. 

The  "Mite”  socket  is  the  result  of  co-ordinated 
research  by  RAYTHEON  and  CINCH  engineering 
departments.  Their  combined  experience  in  electronics 
and  metal  plastic  assemblies  perfected  a  socket  for  sub 
miniature  tubes. 


MANUFACTURING  CORPORATION 

2335  West  Van  Buren  Street,  Chicago  12,  Illinois 

SubsK/fory  of  United'Carr  Fastener  Corporation,  Cambridge,  Massachusetts 
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limiter  erases  the  amplitude  modula¬ 
tion.  In  a  wideband  system  (/<//.  > 
1),  the  writer  believes  that  the  phase 
distortion  will  be  negligible  as  long 
as  the  r-f  and  i-f  bandwidths  are  not 
less  than  2/^-1-  4/,.  In  narrow  band 
f-m  systems  (/<//.  <  1),  these  band- 
widths  can  be  reduced  to  2/^  -H  2/.. 

In  the  i-f  band  we  have  as  before 

(C/  Nhfi  =  Ur/fi?  '*(C/  N)t/r  (14) 

which  must  satisfy  the  f-m  threshold 
condition  of  Eq.  3. 

The  signal  is  now  impressed  upon 
an  f-m  detector  having  a  frequency 
fidelity  band  from  zero  to  /,.  Assum¬ 
ing  fulfillment  of  the  threshold  re¬ 
quirement,  we  are  concerned  only 
with  C/N  in  a  portion  of  the  i-f  band 
2/.  wide.  This  ratio  is 


(C/N),ja  =  (/,//.)^^(C/A0*/r 
To  determine  the  signal-to-noise 
after  detection,  we  use  the  relation 


where  (/rf//.)r-/  is  the  deviation  ratio 
of  the  r-f  carrier  at  the  highest 
modulating  frequency. 


DoMbU  Modalation  F-m 

In  a  double  frequency  modulation 
system  the  channel  is  identical  with 
the  single  f-m  system  insofar  as  the 
first  f-m  detector  action  at  the  re¬ 
ceiver  is  concerned.  However  the 
frequency  band  from  zero  to  /,  is 
wide  enough  to  contain  several  sub¬ 
carriers  which  are  themselves  fre¬ 
quency  modulated  by  independent 
intelligence  signals. 

To  determine  the  ratio  of  any  one 
subcarrier  to  the  noise  in  the  total 
band  from  zero  to  /,  we  rewrite  Eq. 
16  substituting  f,  for  /. 

Any  one  subcarrier  is  frequency 
modulated  within  the  channel  band 
/•  —  /i.  The  noise  in  this  band  is  less 
than  that  th  the  total  band  zero  to  f, 
so  that  the  ratio  C,/N  in  this  band  is 
improved  by  a  bandwidth  factor. 

To  determine  this  factor,  we  recall 
that  the  noise  out  of  the  detector 
varies  linearly  'with  frequency  as 
shown  in  Fig.  2A.  Consequently,  the 
noise  power  density  is  a  parabolic 
function  of  frequency  and  the  ratio 
of  noise  energy  in  the  total  band  to 


that  in  the  band  /•  —  /i  is  equal  to  the 
ratio  of  the  area  under  the  parabola 
to  the  shaded  area  of  Fig.  2B.  This 
ratio  is  obtained  by  integration 


The  rms  and,  consequently,  the  peak 
voltage  ratio  is  equal  to  the  square 
root  of  the  energy  ratio.  Therefore, 
the  improvement  factor  due  to  filter¬ 
ing  the  frequency  band  /,  —  A  is 
[///(A*  —  A*)]*.  The  subcarrier-to- 
noise  ratio  in  this  band  then  becomes 

X 

[©(A?)]'” »» 

Equation  16  may  be  described  as 
the  threshold  equation  for  the  second 
f-m  detector,  i.e.,  the  value  of  CjN 
must  be  equal  to  or  greater  than  two 
in  order  that  the  S/N  out  of  the 
second  detector  be  a  linear  function 
of  the  subcarrier-to-noise  ratio  into 
the  detector. 

In  general,  the  bandwidth  A  —  fi 
is  determined  by  the  frequency  devia- 


FIG.  2 — ^Noise-frequency  relations  used  in 
computations 


tion  of  the  subcarrier  and  it  may  be 
considerably  greater  than  2f,  where 
A  is  the  fidelity  band  of  the  second 
f-m  detector.  As  in  the  single  f-m 
modulation  case,  we  need  to  know 
the  ratio  of  subcarrier-to-noise  in 
the  band  2f,. 

Define  the  subcarrier  frequency, 
/„  as  the  arithmetic  mean  frequency 
in  the  band  A  —  fu  or  /,  =  i (A  +  A). 
As  before,  the  noise  in  the  band  2/, 
wide  with  /,  as  its  center  frequency 
will  be  less  than  the  noise  in  the  total 
band  A  —  A-  Observing  Fig.  2C,  it 
.will  be  evident  that  the  noise  accepted 
in  the  band  2f,  wide  will  vary  with 
the  location  of  /.. 

Starting  with  Eq.  15  and  writing 
the  improvement  factor  in  the  same 
manner  as  in  the  derivation  of  Eq.  16, 
the  subcarrier-to-noise  ratio  in  the 
band  A  either  side  of  /.  referred  to 
the  total  first  detector  band 


the  fraction  within  the  square  root 
bracket  of  this  equation  can  be  sim¬ 
plified  to 


Because  /,  must  be  at  least  3/.  to 
reproduce  the  signal  wave  shape,  we 
can  neglect  the  term  A73/.*  com¬ 
pared  with  unity,  and  Eq.  17  further 
simplifies  to 


\  N  /  (ft  4.  fa)  —  (ft  —  fa) 

wXjI-MX.  '■*> 

Again  using  the  standard  Eq.  15 

(a.-«(a.,x 

\  ^  /  (/•  +  /«)  —  (/•  —  /•) 

Substituting  Eq.  18  into  this  result 


Results  of  these  derivations  are 
summarized  in  Table  II  which  shows 
signal-to-noise  ratios  that  can  be 
obtained  in  each  of  the  systems 
analysed  and  the  manner  in  which 
channel  frequencies  affect  these 
ratios. 
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F*ONT  viciv  OF  SeCTlON  eteVATION  VllVt^  OF  FS'fcO  4WircM 

Agk  for  RS  Specification-Layout  Sheets 

Printed  on  thin  paper  to  permit  blueprinting,  these  sectional  draw¬ 
ings  indicate  standard  and  optional  dimensions  —  make  it  easy  for 
you  to  order  pre-production  samples  of  RS  switches  built  to  meet 
your  requirements  exactly.  Ask  your  nearest  Mallory  Field  Repre¬ 
sentative  or  write  direct  for  a  supply. 


Cut-Off  Sections 


Allow  It  To  Fit  Crowded  Assemblies 


HEN  your  assembly  is  already  overcrowded 
and  every  fraction  of  an  inch  counts,  the 
iO  is  a  wonderful  life-saver! 


stator  and  rotor .  .  .  Unlimited  circuit  possibilities  .  .  . 
Six  stator  rotor  supports  to  improve  rotor  and  contact 
alignment . .  .  Star-wheel  type  index  for  low  torque  .  .  . 
Double  wiping  contacts  . . .  Silver-to-dlver  contacts  .  .  . 
Indium-treated^  silver  plated  rotor  segments. 

For  complete  information,  write  for  Mallory  RS 
Switch  Data  Folders  and  for  Specification  Layout 
Sheets.  Our  engineers  will  be  glad  to  help  with  your 
switch  problems.  Standard  Mallory  switches  may  be 
readily  obtained  from  your  Mallory  Distributor. 


In  spite  of  its  diminutive  size,  this  multiple-section 
switch  can  be  made  with  as  many  as  five  positions 
or  ten  terminals.  It  incorporates,  too,  all  these 
outstanding  features: 

NeWy  heavier  staples  and  stapling  technique^  insuring 
tight  terminals  .  . .  Improved  low-loss  phenolic  in  both 
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INDUSTRIAL  CONTROL 


Lathe  ior  Large  Tube  Construction .  156 

Unsoldered  Connections  for  Motor  Control .  156 

Gas  Locator  for  High* vacuum  Systems .  158 

Maintenance  Testing  of  Dynomotors .  158 

Capacitor  Discharge  Magnetizer  for  Plant  Shops .  168 


Lathe  for  Large  Tube  Construction 


So  EXACT  HAS  BEEN  the  construction 
of  what  is  believed  to  be  the  world’s 
largest  glass-working  lathe,  that 
there  is  less  than  0.0005  in.  variation 
in  the  relationship  of  the  chuck 
spindle&f  and  the  lathe  bed  across  the 


in  order  to  insure  that  it  will  be 
level  regardless  of  irregularities  in 
the  floor.  Unlike  smaller  glass-work¬ 
ing  machines,  this  one  has  adjust¬ 
able  chucks  which  can  be  lined  up 
independently  of  the  main  rods. 


Twenty-four  cylindrical  gloss  sections  of  two-million  Tolt  x-ray  tubes  are  sealed 
by  hydrogen  and  oxygen  flames  to  the  metal  rings  that  hold  the  sections  together. 
Designed  by  engineers  of  General  Electric  X-Ray  Corp.,  it  is  believed  to  be  the 
world's  lorgest  glass-working  lathe 


entire  9-foot  length  between  the 
chucks. 

The  machine  can  handle  a  piece 
of  glass  as  long  as  84  inches,  and  the 
length  of  tubes  which  will  pass 
through  the  spindles  is  limited  only 
by  the  size  of  the  room.  Because  of 
this,  the  machine  is  useful  in  the 
production  of  long,  multi-section 
million-volt  and  two-million-volt 
x-ray  tubes.  High-frequency  cur¬ 
rent  is  passed  through  the  flames  in 
order  to  more  effectively  heat  and 
seal  the  glass. 

Weighing  4,000  pounds,  the  13-foot 
bed  table  is  supported  at  three  points 


Shims  make  up  for  any  wear  on  the 
rods,  guide  bushings  or  jaws.  Con¬ 
trol  of  the  chucks  is  effected  by  a 
3-station  reversible  clutch. 

The  feed  control  levers  and  other 
regulating  knobs  and  dials  are 
mounted  on  a  master  panel,  thus 
simplifying  the  control.  The  feed 
lines  contain  hydrogen,  oxygen,  city 
gas,  air,  nitrogen,  vacuum  and  water. 

Special  grease  seals  on  the  heads, 
capable  of  withstanding  up  to  200  C, 
are  employed  to  withstand  the  high 
temperatures  used.  Doughnut-shaped 
tubes  for  betatrons  can  also  be  pro¬ 
duced  on  the  machine. 


Unsoldered  Connections 
for  Motor  Control 

Current  MOi»a.s  of  the  General  Elec¬ 
tric  Thy-mo-trol,  an  electronic  ad¬ 
justable-speed  motor  drive,  have 
taken  advantage  of  lessons  learned 
about  maintenance.  Instead  of  being 
wired  in  the  familiar  manner  of 
ordinary  radio  receivers  as  were  the 
early  versions,  the  units  are  now  put 
together  as  shown  in  the  accompany, 
ing  illustration,  where  resistors,  ca¬ 
pacitors,  and  other  components  are 
firmly  fastened  in  place  and  con¬ 
nected'  up  by  the  use  of  screw-type 
lugs  and  terminals,  so  that  soldering 
is  no  longer  necessary  for  mainte¬ 
nance  of  these  controls. 

Oyer  the  course  of  the  last  few 
years,  while  these  units  have  been 
specified  for  industrial  application, 
tube  life  has  proved  itself  to  be  in 
the  neighborhood  of  ten  thousand 


Back  view  of  late-model  GE  Thy-mo-trol 
drive,  showing  use  of  terminal  blocks  and 
screw-type  connectors  ior  wiring  and 
mounting  components 

hours  or  about  five  years  on  the  basis 
of  a  normal  industrial  day’s  opera¬ 
tion. 

For  control  of  electric  motors  the 
units  provide  a  wide  range  of  speed 
adjustment  (in  the  neighborhood  of 
100  to  1) ;  as  closely  as  possible  in¬ 
finite  speed  variations  producing 
stepless  control;  close  speed  regula¬ 
tion;  production  of  full  load  torque 
at  low  speed;  pushbutton  control; 
reverse  plugging;  free  selection  of 
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INTERNATIONAL  RESISTANCE  CO 


401  N.  BROAD  ST 


PHILADELPHIA  8,  PA 


Canadian  Licensee:  International  Resistance  Co,,  Ltci..  Toronto 


.  •  .  Increased  Quantities  Now 

Available  on  Short  Delivery  Cycle ! 

TYPE  PR-25  —  25-watt  rating.  Temperature  rise,  140°C.  Standard  resistanc« 
values,  1  ohm  to  5,000  ohms.  Diameter,  Depth  behind  panel, 

TYPE  PR-50  — 50-watt  rating.  Temperature  rise,  170°C.  Standard  resistanci 
values,  0.5  ohm  to  10,000  ohms.  Diameter,  Depth  behind  panel,  IH", 

TYPE  PRT-25— (AN3155-25).  25-watt  rating.  Fulfills  AN3155  specifica 
tions.  Totally  enclosed.  Heat-radiating  black  finish.  Rear  terminals 
Standard  values,  10  ohms  to  200  ohms.  To  5,000  ohms  on  special  order, 
Temp,  rise,  140®C. 

TYPE  PRT-50— (AN3155-50).  50-watt  rating.  Same  construaion  as  PRT-25, 
to  AN3155  specifications.  Standard  values,  5  ohms  to  200  ohms.  To  10,000 
ohms  on  special  order.  Temp,  rise,  170°C. 

All  IRC  Rheostats  operate  at  about  half  the  temperature  rise 
of  equivalent  units  and  can  be  operated  at  full  load  on  as 
little  as  25%  of  the  windint,  with  only  a  slight  increase  in 
temperature  rise. 


vacuum  system  and  pumps  started  to 
evacuate  the  air.  A  thin  jet  of 
helium  is  sprayed  against  each  sus¬ 
pected  location,  or  over  the  entire 
system.  If  there  is  no  leak,  the  de¬ 
tector  shows  no  reading,  because  nor¬ 
mally  there  is  no  appreciable  amount 
of  helium  in  the  atmosphere  and 
hence  there  are  no  molecules  of  the 
proper  mass  to  actuate  the  recorder 
passing  through  the  spectrometer. 
Should  the  detector  show  a  reading 


Maintenance  Testing  of 
Dynamotors 


speed;  quick  stopping;  and  protec¬ 
tion  against  overload,  short  circuit, 
and  low  voltage. 


H.  M.  Tremaine,  USNR 

yaval  Research  Laboratory 
Washington,  D.  C. 


Gas  Locator  for  High- 
vacuum  Systems 

Exact  location  of  leaks  in  a  vacuum 
system  can  be  found  by  spraying 
helium  gas  to  ferret  out  and  enter 
the  leak  and  then  determining  the 


Aircraft,  both  military  and  com¬ 
mercial,  present  many  problems  in 
the  field  of  electrical  maintenance, 
particularly  noise  in  communication 
equipment.  One  of  the  most  con¬ 
sistent  offenders  is  the  dynamotor. 
A  survey  of  1300  dynamotors  in 
daily  use  revealed  their  maintenance 
was  increasing  at  a  rapid  rate. 

Some  kind  of  a  test  device  was 
necessary  that  would  measure  the 
load  characteristics,  and  at  the  same 
time  give  a  standard  measurement 
of  interference  generated  by  the  dy¬ 
namotor.  This  would  also  eliminate 
the  human  error  in  ordinary  listen¬ 
ing  tests. 

Figure  1  is  the  basic  diagram  of 
the  test  set  constructed  to  facilitate 
accurate  measurements  of  dyna¬ 
motor  load  characteristics  and  inter¬ 
ference.  The  input  circuit  contains 
a  power  switch,  circuit  breaker  C, 
ammeter,  voltmeter,  and  line  filter 
capacitors  to  prevent  interference 
from  the  dynamotor  under  t#st  being 
transmitted  to  other  equipment  in 
the  shop.  The  200-/i.f  electrolytic 
capacitor  prevents  surges  from  other 
equipment  feeding  into  the  test  set. 

At  the  output  of  the  dynamotor 
are  two  single-section  filters,  one  for 
large  dynamotors  that  supply  400- 
600  volts  and  the  other  for  small 
dynamotors  up  to  260  volts.  Either 
filter  is  selected  by  switch  S*.  The 


Small  looks  in  hi^k-vocuum  systsms  such  os  oro  used  in  uranium*  production  oro 
located  by  this  Westinghouse  leak  detector 


presence  of  the  helium  in  the  system 
by  means  of  a  leak  detector. 

The  presence  of  a  contaminating 
substance  in  proportions  as  small  as 
one  part  in  several  hundred  thou¬ 
sand  can  be  shown  by  this  technique. 
The  exact  location  of  the  leak  is  also 
shown. 

Developed  by  Westinghouse  engi¬ 
neers,  the  detector  is  a  special  appli¬ 
cation  of  the  mass  spectrometer,  the 
electronic  device  that  gives  the  mole¬ 
cules  of  different  gases  an  electrical 
charge  and  then  shoots  them  at  high 
speed  down  a  curved  tube.  Along 
the  sides  of  this  tube  electromagnets 
guide  the  flying  molecules  so  that 
only  those  of  a  particular  mass,  or 
weight,  pass  through  the  exit  slit  at 
the  end  of  the  tube  and  are  counted 
on  a  special  recorder. 

Helium  is  used  for  leak  detection 
because  it  is  a  stable  gas  that  does 
not  react  harmfully  with  other  gases 
or  with  parts  of  the  system.  The 
mass  spectrometer  is  attached  to  the 


when  the  helium  nozzle  is  held  at  a 
certain  location,  the  operator  knows 
instantly  that  helium  is  entering 
some  opening  in  the  vessel  at  that 
point. 


MOTOR 


■ILTER 

INPUT 


FILTER 


OUTPUT 


•Z-vn  head 


LOAD 


I4/30V,D-C 


2,000 


Fig.  1 — Circuit  for  rapid  totting  of  load  choracteriitics  and  radio  noUo  intorforence 

of  dynamotors 
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A  manufacturer  of  valves,  whose  foundry  technic 
seemed  **okay,*'  decided  pilot  radiographs  weren*t 
needed.  But  when  machining  was  done  and  the 
valves  assembled,  enough  were  found  defective 
to  cause  a  loss  of  many  thousands  of  dollars. 

Radiography,  put  to  work  at  the  right  time  and  place, 
pays  off.  Men  who  have  figured  cost-wise  what  it  can 
do  for  them  ...  to  improve  design,  speed  production, 
and  lower  costs  .  .  .  make  full  use  of  x-ray. 

Radiographs  show  your  engineers  where  to  correct 
faulty  design  .  .  .  how  to  reduce  weight  safely  .  .  .  how 
to  cut  costs  at  many  stages  of  manufacture  .  .  .  how  to 
build  in  extra  dependability. 

Order-jammed  foundries  get  a  welcome  production 


Radiography 


spurt  when  radiography  shows  how  to  get  into  sound 
casting  production  fast.  High-value,  high-volume  ma¬ 
chine  shops  operate  at  rock-bottom  cost  when  radio- 
graphic  inspection  keeps  internally  unsound  castings 
off  the  production  line. 

Welding  gains  acceptance  . . .  new  markets  . . .  higher 
volume . . .  because  radiographs  prove  weldments  sound. 

And  these  are  only  a  few  high  sjwts  in  radiography’s 
list  of  industrial  functions.  You  can  find  more — if  you 
look  for  them — right  in  your  own  plant.  Why  not  get 
together  with  your  radiographer  or  .the  local  x-ray 
dealer  and  see  if  you  are  missing  any  chances  to  make 
radiography  pay  extra  dividends?  Or  write  to 

Eastmgn  Kodak  Company,  X-ray  Division 
Rochester  4,  New  York 


^another  important  function  of  photography 


DYNAMOTOR  TESTER  (continued) 

filters  simulate  a  filter  system  com¬ 
parable  to  that  found  in  aircraft 
communication  equipment  and  were 
designed  to  give  the  minimum 
amount  of  filtering  for  satisfactory 
measurement.  If  too  efficient  a  filter 
were  to  be  used,  a  false  measurement 
might  be  obtained  and  a  dynamotor 
with  too  great  an  interference  out¬ 
put  for  satisfactory  operation  might 
be  passed. 

At  the  output  of  the  filters  are  a 
variable  load  resistor,  a  milliam- 
meter,  and  a  voltmeter.  A  vacuum- 
tube  voltmeter  is  used  to  measure 
the  interference  generated  by  the 
dynamotor,  at  both  motor  and  gener¬ 
ator  sections,  and  that  passed  by  the 
filter. 

Operation 

Figure  2  shows  the  panel  controls 
of  the  completed  test  set.  To  use  the 
set,  the  dynamotor  is  plugged  in,  S» 
thrown  to  the  correct  filter,  the  input 
voltage  adjusted  to  14  or  27.5  volts 
by  means  of  and  the  output  load 
current  to  its  correct  value  by  means 


Fig.  2 — Panel  meters  and  controls  of  the 
dynamotor  tester 

of  St  and  variable  resistor  R».  The 
vacuum-tube  voltmeter  switch  is 
thrown  to  the  dynamotor  position 
and  the  interference  output  from  the 
dynamotor  measured.  Switch  S*  is 
then  thrown  to  the  output  of  the 
filter  and  the  remaining  ripple  volt¬ 
age  determined.  The  motor  inter¬ 
ference  is  read  in  the  motor  position 
of  St.  Filter  Fj  is  used  when  testing 
small  dynamotors  and  F,  is  used  for 
the  larger  type. 

Listening  to  the  ripple  with  the 
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RELAYS 


COMPACT  DESIGN 


FRONT  OR  REAR  MOUNTING 


SCREW  OR  SOLOTER  TERMINALS 


0  R-B-M  announces  a  new  and  improved  design  of 
magnetic  relays  rated  10  amperes  at  24  volts  D.  C. 
and  110  volts  A.  C.  and  5  amperes  at  220  A.  C.  Re¬ 
lays  rated  at  one  horse  power  single  phase  110  and 
220  volts  A.  C.  Silver  to  silver  contacts.  Self-aligning 
armature.  All  wiring  terminals  accessible  from  front 
Contact  arrangement — single  and  double  polef  nor¬ 
mally  open,  normally  closed  and  double  throw.  Steel 


mounting  with  A.  C.  and  D.  C.  relay  mounting  dimen¬ 
sions  interchangeable.  Available  in  open  type  or  with 
sheet  steel  general  purpose  enclosure.  Bulletin  510 
on  D.  C.  relays  and  Bulletin  550  on  A.  C.  relays  avail¬ 
able  upon  request.  Write  Department  A. 


R-B-M  Manufacturing  Company 

'Division  of 

Essex  Wire  Corporation 

Logansport,  Indiana 
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^  models  have  the 


StN^PLIFlED 

logarithmic 

SCALE 


STANDARD 
Modd  300 


Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Supersonic,  Carrier  Current  and 
Television  ranges. 


Mod*!  304 
R.F 

VOLTMETER 


Use  of  Logarithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps. 


Each  Voltmeter  equipped  with  an 
output  jack  so  that  the  instru¬ 
ments  can  be  used  as  a  high- 
gain  stable  amplifier. 


SPECIFICATIONS 

MODB.300 

RANGE— .001  to  100  voHs. 
FREQUmCY— 10  to  150,000  cycio*. 
ACCURACY— 2%  at  any  point  on  seal*. 


AC  OPERATION— 110-120  vohs. 


MODEL  304 


RANGE— .001  to  100  volts. 
FREQUENCY— 30  c.p.s.  to  5.5  mogocyclos 
ACCURACY— 0.5  DB. 

AC  OPERATION— 110-120  voHs. 


MODEL  302 


RANGE— .001  to  100  volts 
FREQUBICY— 5  to  150,000  cyclos. 
ACCURACY— 2%  at  any  point  on  seal*. 
DC  OPERATION— solf-containod  bottorios. 


Sond  for  BvHmtm  for  furthor  dotcripHoo 


BOONTON,  NEW  JERSEY,  U.  S.  A. 


DYNAMOTOR  TESTER  (centinusd) 

headset  at  the  output  of  the  dyna- 
motor,  with  and  without  filtering, 
will  give  a  quick  check  of  the  inter¬ 
ference  characteristics  of  the  dyna- 
motor.  Several  large  and  small 
dynamotors  should  be  checked  for 
interference  by  listening  to  them  in 
the  equipment  for  which  they  have 
been  designed.  They  should  then  be 
tested  in  the  test  set  under  proper 
load  conditions  and  the  input-output 
interference  voltage  measured. 

Typical  Readings 

Small  (60-75  ma)  dynamotors  in 
good  condition  measure  1.4  to  2.8 
interference  volts  at  the  dynamotor 
side  of  the  filter,  and  0.4  to  0.9  volt 
at  the  output  of  the  filter.  Larger 
d3mamotors  measure  from  2.2  to  3.2 
volts  at  the  input  of  the  filter  and 
from  0.6  to  0.9  volt  at  the  output  of 
the  filter. 

The  interference  generated  by  the 
motor  side  of  the  dynamotor  is  usu¬ 
ally  from  0.03  to  0.06  volt  and  is  very 
seldom  the  cause  of  excessive  noise 
in  receivers. 

A  few  dynamotors  will  exhibit  the 
unusual  characteristic  of  having 
higher  interference  voltages  on  the 
output  side  of  the  filter  than  on  the 
input  side.  This  is  a  result  of  a  reso¬ 
nant  condition  in  the  filter,  or  of  a 
leakage  due  to  distributed  capaci¬ 
tance.  Such  d5mamotors  are  always 
beyond  the  range  for  acceptance  and 
are  difficult  to  correct. 

G 

Causes  of  Noise 

The  usual  interference  generated 
comes  from  several  sources. 

(1)  Brush  noise,  which  is  contrib¬ 
uted  to  by  the  following  factors:  (a) 
pitted  commutators,  (b)  commutat¬ 
ors  requiring  undercutting,  (c)  a 
high-frequency  component  due  to 
arcing  at  the  brushes,  (d)  unneces¬ 
sary  and  prolonged  running  of  the 
djrnamotor  unit  for  the  purpose  of 
wearing  in  brushes  (Brushes  should 
be  properly  fitted  so  that  the  wearing 
in  process  is  not  more  than  one  hour. 
This  prevents  pitting  and  filling  in 
between  commutator  bars.),  (e) 
leaky  or  open  capacitors  in  the  dyna¬ 
motor  unit,  (f)  high  commutator 
bars,  (g)  improperly  seated  brushes. 

(2)  Shaft  noise.  This  is  due  to 
discharge  of  the  shaft,  through  the 
bearings  at  its  ends,  to  ground. 

(3)  Noise  due  to  loose  laminations 
in  the  armature. 

(4)  Ripple  frequency,  and  har- 
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AIRCRAFT-MARINE  PRODUCTS  Inc. 

1521-53  NORTR  FOORTI  STREET.  NARRISBURC,  PA. 

DAVID  C.  ORROCK.  1405  Bitkop  $t..  Monlrpol,  Ow*. 
k  Camodat  f,  n.  ADAMS.  734  Hmmt  Scippi.  Vomovvm.  t.  C 


P.  MANIEY  CO..  43  Victorio  StiMl.  r»r*nf.  Omt. 


for  e/ecfroflfc  equipment 


Entire  Terminal  CORROSION-PROOFED 


these  superlative 
performance 
characteristics 


REL  PRE-INSULATED 


INSULATION  SUPPORT 


,  w  . CORROSION-PROOF — Terminals  corrosion- 

proofed  by  the  AMP  exclusive  process  shov/  no 
— /\7v^  increase  in  resistance,  even  under  excessively 

L/\J  corrosive  conditions.  AMP  Corrosion- Proofed 

Terminals  mean  maximum  electrical  efficiency  and  constant  per¬ 
formance  for  the  most  sensitive  electronic  instruments  and  equipment. 

AMP  TYPE  PRE-INSULATION— The  AMP  Pre-lnsulated  Terminal 

/ 

is  terminal  and  insulation  in  one.  Saves  time  in  handling,  stocking 
and  installation.  Only  AMP  has  INSULATION  BONDED  TO  THE 
TERMINAL — can't  slip  or  come  off.  AMP  Pre-Insulation  saves  man¬ 
hours,  lowers  production  costs. 

INSULATION-SUPPORT — AMP  Diamond-Grip  Insulation  Sup¬ 
port  makes  a  superior,  vibration-proof  electrical  connection,  gives 
fully  circumferential  metallic  support  to  the  insulation.  A  safer, 
neater,  connection.  No  frayed  insulation,  no  broken  wires,  no 
additional  installation  time. 

One  operation  of  AMP  hand  tool  or  press  die  makes  the  complete 
installation  of  terminal  on  wire. 

Only  AMP  gfves  off  THREE . . .  m  ONE  ferm/no/l  Onfy  AMP 
Turminals  providu  connections  mooting  tho  rigid  roquiromonts  of 
tho  most  sensitive  ohdrical  or  oiocfronic  instruments  rmd  oqu^ 
mont  • . .  Write  for  your  copy  of  new  AMP  Catalog  today. 
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DYNAMOTOIt  TESTER 


(continued) 


monies  of  the  ripple  frequency. 

Out  of  one  group  of  60  new  dyna- 
motors  tested,  with  no  hours  of  oper¬ 
ation,  only  2.5  per  cent  were  found 
to  be  out  of  limits. 

Filter  Fi  has  approximately  6  db 
greater  attenuation  at  500  cycles 
than  does  F„  This  is  necessary  be¬ 
cause  small  dynamotors  are  as  a  rule 
used  with  equipment  which  require 
lower  interference  levels.  A  greater 
interference  level  is  permissible  with 
equipments  which  employ  the  large 
dynamotors. 

Battery  or  Generator 

The  power  supply  for  the  test  set 
must  be  low  in  ripple  voltage  output, 
or  the  measurement  of  the  dyna- 
motor  ripple  will  be  affected,  due  to 
possible  additional  ripple  voltages 
being  superimposed.  The  ripple  of 
one  generator  used  as  a  power  supply 
was  approximately  a  frequency  of 
962  cycles,  and  was  —35  db  below 
the  maximum  voltage.  A  filter  was 
added  to  the  generator,  consisting  of 
a  choke  and  a  2000-/4i  shunt  capac¬ 
itor.  This  makes  the  power  supply 
fairly  free  from  ripple,  provided  it  is 
checked  frequently  as  to  commutator 
and  brush  condition. 

In  tests  using  batteries  for  a 
power  supply,  to  eliminate  any  possi¬ 
bility  of  ripple  voltage  from  the 
generator,  it  was  found  that  dyna- 
motor  interference  decreased  by  6 
db.  When  using  batteries,  the  input 
filter  on  the  motor  side  is  not  used. 


CODE  BEACON  FOR  RADIO  TOWERS 

A  300  MM  code  beacon  designed  and  built  by 
ANDREW  for  lighting  radio  towers  as  avia¬ 
tion  hazards.  Required  by  the  CAA  on  radio 
towers  of  150  feet  or  greater  in  height.  Two  500- 
watt  prefocus  lamps  provide  an  intense  light 
which  passes  through  red  pyrex  glass  filters  and 
is  radiated  in  a  circular,  horizontal  beam  by 
cylindrical  fresnel  lenses.  Metal  parts  are  made 
of  light-weight  cast  aluminum,  with  hardware 
of  corrosion-resistant  bronze. 


OBSTRUCTION  LIGHT.  Type  661  is  a 
100-watt  unit  fitted  with  a  red  fres¬ 
nel  lens  to  concentrate  the  light  in 
a  nearly  horizontal  direaion.  Used  in 
pairs  at  and  %  levels  on  radio 
towers  for  aircraft  warning. 

BURNOUT  INDICATORS.  Highly 
damped  meter  with  special  wattmeter 
scale  indicates  when  code  beacons  or 
obstruction  lighu  need  re-lamping. 

FLASHERS.  Designed  to  flash  300  MM 
code  beacons  at  rate  of  40  cycles  per 
minute,  as  prescribed  by  government 
regulations.  Flasbers  have  2$-ampere 
conucu  and  condensers  for  radio  in¬ 
terference  elimination.  Use  K- 10347 
for  one  or  two  beacons;  use  K-10348 
to  maintain  constant  2000-watt  load 
with  three  beacons. 

TIME  SWITCHES.  Switdi  tower  lights 
on  at  sunset  and  off  at  sunrise.  Spe¬ 
cial  astronomic  dial  follows  seasonal 
variations  in  sunset  and  sunrise  time. 
Photo-electric  models  also  available. 

LAMPS.  A  complete  stodc  of  lamps  for 
code  beacons  and  obstruction  lights 
is  carried  for  the  convenience  of  us¬ 
ers.  Available  in  a  wide  variety  of 
filament  voluges. 


Capacitor  Discharge 
Magnetizer  for  Plant  Shops 

By  William  L.  Porta 

Electrical  Engineer 
Radio  Frequeneg  Laboratorieot  Inc. 

Boonton,  N.  J. 

The  problem  of  recharging  instru¬ 
ment  magnets  is  currently  of  consid¬ 
erable  interest  because  of  the  trend 
toward  repair  and  overhaul  in  the 
field  rather  than  return  to  the  manu¬ 
facturer.  Major  instrument  users 
such  as  the  commercial  airlines  and 
the  military  services  must  of  neces¬ 
sity  maintain  their  own  instrument 
overhaul  shops  and  a  single  portable 
unit  of  general  utility  is  desirable. 

For  manufacturers  using  perma¬ 
nent  magnets  in  loudspeakers  small 


IIGHTING  FILTER.  The  ANDREW  Model  1803  lighting 
filter  serves  to  connea  the  60-cycle  lighting  volttge 
across  the  base  insulator  of  aaeries  excited  tower  with¬ 
out  detuning  the  tower.  Three  windings  provide  for 
operation  of  code  beacon  and  obstruction  li^ts.  Mica 
insulated  by-pass  condensers  of  ample  current  rating 
included.  Also  offered  in  weatherproof  steel  housing. 
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a-c  power  supply 


Model  U-2000 


A  convenient  simple  remedy  for  the 
"headache”  of  collecting  a  multitude  of  instruments 
prior  to  conducting  variable  voltage  tests  is  offered 
in  the  VOLTBOX  a-c  power  supply.  Thoughtfully 
engineered  into  one  self-contained  portable  cabinet 
is  all  the  required  apparatus. 


Model  R-500 


%  A  highly  efficient  continuously  adjustable  POWERSTAT  variable  transformer  delivers  any  output  voltage  from 
zero  to  above  line. 

%  A  large  four-inch  voltmeter  accurate  to  one  percent  visually  shows  the  output  voltage  setting. 

0  A  combination  quick-trip  magnetic  type  circuit -breaker  and  "on-off”  switch  eliminates  the  chance  of  injury  to  the 
instrument  and  other  circuit  elements. 

9  An  input  cord  and  plug  provides  easy  connection  to  the  voltage  supply. 

9  A  set  of  output  receptacles  and  binding  post  inserts  furnish  effortless  attachment  of  the  load. 

9  A  pilot  light  indicates  when  the  instrument  is  energized. 

Various  types  of  VOLTBOXES  are  available  . . .  unregulated  models  of  1  and  2  KVA  capacity  with  an  output  of  0-135  volts  from  a 
115  volt  source  or  0-270  volts  from  a  230  volt  line  . .  .  the  500  va  regulated  unit  which  incorporates  a  voltage  stabilizer  to 
maintain  a  constant  output  at  any  value  from  0-135  volts  regardless  of  line  variations  between  95  to  130  volts. 


Sene/  for  Bulletins  LE 

SUPERIOR  ELECTRIC  COMPANY 

706  LAUREL  STREET,  BRISTOL,  CONNECTICUT 
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INSL-X  Resistor  O' 

stand  op  and 


Appw  ^ 


FIG.  1 — A  source  oi  d-c  Toltage.  a  capaci¬ 
tor.  cmd  a  special  tronsiormer  are  tbs 
maior  components  of  the  maqnetiier 

ternal  power  supply  for  charging 
the  capacitor  may  be  any  source  of 
d*c  voltage  approximately  equal  to 
the  rated  working  voltage  of  the  ca¬ 
pacitor  and  capable  of  recharging 
the  capacitor  in  a  reasonably  short 
time.  The  current  limiting  resistor 
prevents  overloading  of  the  power 
supply  should  the  operating  switch 
be  left  closed. 

Transformer  Construction 

The  charging  transformer  should 
be  capable  of  carrying  a  power  im¬ 
pulse  having  a  time  constant  in  the 
order  of  one  millisecond,  and  have  a 
leakage  reactance  factor  much  less 
than  that  considered  tolerable  at 
service  -  power  frequencies.  Other¬ 
wise  the  flux  will  avoid  the  secon¬ 
dary,  and  the  capacitor  discharge 
will  effectively  be  into  the  leakage 
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motors,  relays,  compasses,  generat¬ 
ors,  tools,  novelties  and  toys,  this 
single  unit  would  prove  useful  as  a 
supplement  to  the  permanently  in- 
stalled  charging  equipment  on  the 
production  line  and  a  decided  asset 
in  the  design  laboratory. 

Basic  Principle 

Broadly,  charging  of  a  permanent 
magnet  system  requires  induction  of 
a  unidirectional  magnetizing  force 
sufficient  to  approach  magnetic  sat¬ 
uration  without  subsequent  reversal 
which  would  partially  reduce  the  per¬ 
manent  charge.  For  convenience,  the 
magnetizing  force  is  applied  through 
the  medium  of  a  single-turn  con¬ 
ductor  that  can  be  readily  con¬ 
nected  and  disconnected.  In  such  a 
single  turn,  the  instantaneous  peak 
level  of  energy  transfer  to  the  mag¬ 
net  must  be  high  (of  the  order  of 
5  kw  for  small  magnets)  whereas 
the  time  of  application  can  be  quite 
short  (less  than  0.002  second). 

The  essential  elements  of  the 
charging  system  are  shown  in  the 
simplified  circuit  of  Fig.  1.  The  in- 
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Jht  use  of  l)lastics  hy  industry  is  inaeusin^ 
daily  on  a  scope  that  is  practically  unirersal. 
TJevertheless,  there  still  exists  much  confusion 
about  the  dijferent  types  of  plastics,  their  prop¬ 
erties  and  thetr  uses  The  purpose  of  this  mes¬ 
sage  is  to  help  “clear  the  air“  about  phenolics 
— the  most  versatile  of  all  plastics...  the  type 
of  plastics  ivhich  Durez  has  specialized  in 
producing  for  the  past  tu^enty-six  years. 


The  custom  molded  Durez  propeller 
illustrated  is  the  first  plastic  pro¬ 
peller  that  has  been  developed  for  such 
use  . .  .  marks  a  new  step  forward  for 
the  plastics  industry.  In  varying  sizes, 
it  is  used  by  the  Fresh’nd-Aire  Com¬ 
pany  in  several  of  their  most  popular 
Fresh’nd-Aire  Circulators. 


Why  Plastics? 

Moldability  —  a  common  denominator 


of  all  plastics  —  naturally  makes  them 
highly  desirable  for  producing  an  item 
of  this  sort — provided,  of  course,  sev¬ 
eral  other  necessary  properties  exist. 


Why  Phenolic  Plastics? 

Because  the  Fresh’nd-Aire  propeller 
must  be  statically  and  dynamically 
balanced  to  perfection  and  because  it 
revolves  at  high  speeds,  good  dimen¬ 
sional  stability  was  of  paramount 
importance. 

The  only  plastic  material  which  would 
provide  this  property  and  meet  other 
requirements  such  as  impact  strength, 
heat  resistance,  tensile  strength,  and 
low-cost  production,  was  a  phenolic. 


phenolic  plastics,  Durez  offers  more 
than  300  versatile  phenolic  molding 
compounds  —  each  scientifically  de¬ 
veloped  for  a  specific  purpose — from 
which  to  select  the  plastic  that  pre¬ 
cisely  fits  the  job. 

Furthermore,  Durez  laboratory  techni¬ 
cians  possess  a  rich  background  of 
successful  product  development  ex¬ 
perience  which  makes  their  services 
invaluable  in  solving  any  unusual  plas¬ 
tic  material  problem. 


Expert  Assistance  Available 

The  services  of  the  Durez  staff  are 
available  at  all  times  to  you  and  your 
custom  molder.  Durez  Plastics  &  Chem¬ 
icals,  Inc.,  86  Walck  Road,  North  Ton- 
awanda.  New  York.  Export  Jd^nts:  Omni 
Products  Corporation,  40  East  34th  Street, 
T^etv  york  16,  Tdew  york. 


PLASTICS  THAT  FIT  THE  JOB 


Why  Durez  Phenolic 
Plastics  ? 


As  specialists  in  the  production  of 
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Are  Your 

Postwar  Developments 
Stymied? 

1  .by  need  ot  y  ->  \ 

1  ,peciaUxed2;;P^;|^;^^ 

You  may  find  the 
answer  in  the  services  of 

The  Research  Engineering 
Corporation* 

We  are  an  organization  with  a  unique  background  of  experience. 
Our  staff  of  20  engineers,  technicians  and  draftsmen  are  skilled 
in  the  fields  of  hydraulic,  mechanical  and  electrical  engineering. 
For  example,  they  have  developed  hydraulic  equipment  for 
many  of  the  famous  names  in  industry. 

Bases  of  Working  With  You : 

*  1.  An  engineering  research  fee ...  a  quoted-in-advance  amount 

covering  complete  development  of  the  engineering  phase  of 
your  projects. 

*  2.  Royalty  basis  . . .  for  those  who  prefer  this  arrangement,  The 

Research  Engineering  Corporation  will  develop  the  job  for 
your  plant  to  manufacture,  and  put  its  services  on  a  profit- 
sharing  basis. 

*  3.  Cost  plus . . .  reasonable  per-hour  and  materials  charges  plus 

a  modest  percentage  mark-up. 

*  4.  A  complete  manufacturing  arrangement . . .  beyond  engineer¬ 

ing  and  putting  the  project  on  a  production  basis  for  you,  we 
can  manufacture  it,  if  you  wish  us  to,  through  a  manufactur¬ 
ing  affiliate. 

The  four  alternatives  offer  you  a  much  more  attractive  and  com¬ 
plete  range  of  choice  than  the  inflexible  charges  of  most  engi¬ 
neering  consultants.  As  you  see,  we  are  confident  enough  to  risk 
our  services  against  results. 

Your  inquiry  is  wanted.  You  will  not  be  obligated  and  your 
inquiry  will  be  confidential.  Write  now  for  help  in  speeding  your 
ideas  into  production. 

The  Research  Engineering  Corn. 

292  ELM  STREET  •  NEW  HAVEN,  CONNECTICUT 


MAGNETIZER 


(continued) 


reactance  rather  than  the  secondary 
circuit. 

The  secondary  is  divided  into  sev¬ 
eral  parallel  turns  that  alternate  in 
position  with  several  primary  sec¬ 
tions.  The  transformer  illustrated 
in  Fig.  2  consists  of  five  parallel  sec¬ 
ondary  turns  between  which  are  four 


FIG.  2 — FIt*  singl*  tam>  connected  in 
porodlel  ionn  the  secondary  oi  the  trans¬ 
former.  A  typical  Instrument  magnet  it 

mounted  on  the  front  end  for  charging 

series-connected  primary  pies  having 
40  turns  each,  or  a  total  ratio  of  160 
to  1.  While  the  nature  of  the  dis¬ 
charge  conveyed  by  the  transformer 
is  complex,  a  good  approximation  is 
to  design  for  efficient  power  opera¬ 
tion  at  2000  cps.  For  use  on  instru¬ 
ment  magnets,  the  core  should  have 
a  cross-section  of  about  nine  square 
inches,  with  a  minimum  window 
opening  to  avoid  excessive  core 
losses. 

The  circuit  of  a  complete  magnet 
charger  is  shown  in  Fig.  3  and  the 
instrument  is  shown  in  Fig.  4.  The 
capacitor  discharge  is  initiated 
through  an  ignitron  type  tube  man- 


Flg.  3 — Complete  circuit  of  the  magnet 
charger 
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lOllIBi  I 


COLLINS 


It’s  Collins! 
It’s  new! 
It’s  ready! 


. .  .  the  Collins  30K — a  NEW  transmitter 
for  amateur  radio — thoroughly  engineered 
for  the  continuous  exacting  requirements 
of  “ham”  operation.  Check  this  partial 
list  of  features  against  your  desires: 


5  band  operation  •  500  watts  input  on 
CW  •  375  watts  input  on  Phone  •  Push- 
to-talk  •  Clean,  sharp  keying  •  Speech 
clipper  •  Bandswitching  •  Fully  metered  • 
Break-in  operation  •  Vfo  controlled 

The  high  efficiency  of  the  30K  assures  a 
strong  signal.  In  addition,  the  speech 
clipper  circuit  assists  in  maintaining  a 
high  modulation  level,  with  no  danger  of 
overmodulation.  Speech  clipping  also  im¬ 
proves  intelligibility.  Brass  pounders  will 
proudly  note  the  clean  keying  at  any  speed. 

The  exciter  unit,  built  into  a  receiver 
type  cabinet,  may  be  placed  on  the  oper¬ 
ating  desk.  A  highly  accurate  and  stable 
variable  frequency  oscillator,  the  product 
of  years  of  research  and  manufacturing 
experience,  is  calibrated  directly  in  fre¬ 
quency.  The  frequency  can  be  varied  con¬ 
siderably  without  retuning  the  final. 

The  attractive  appearance  of  this  up- 
to-the-minute  transmitter  will  improve 
any  “shack.”  Its  smooth,  easy  operation 
will  please  you. 

Write  today  for  complete  details.  Col¬ 
lins  Radio  Company,  Cedar  Rapids,  Iowa; 
11  West  42nd  Street,  New  York  18,  N.  Y. 


Th«  Collins  30K 
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when  is  a  B-L  Rectifier 
NOT  a  Rectifier? 


hei  II  s  a 

SPARK  SUPPRESSORI 


Aircraft  Servo  Motor 
manufactured  by  the 
White-Rodgers  Electric 
Company,  Sl  Louis.  A 
compact  B'L  Selenium 
Rectifier  ticross  the  rap¬ 
idly  operating  relay 
contacts  provides  an 
important  safeguard  for 
pilot  and  plane  by  elim¬ 
inating  arcing  and 
its  resultant  radio  inter¬ 
ference. 


Unusual  resistance-voltage  characteristics  make 
B-L  Metallic  Rectifiers  ideal  for  overcoming 


•  tAPID  WIAK  OF  CONTACTS 

•  RAMO  AND  TUPHONI  INTIRPniNCI 

•  DAMAOINO  OSaLLATORY  SURGiS 

•  CORROSIVI  OXIDATION 

The  above  example  is  only  one  of  many  applica* 
tions  where  the  unique  characteristics  of  B-L 
Metallic  Rectifiers  have  offered  an  ideal  solution 
to  an  unusual  problem. 

Whether  similar  or  entirely  different  problems 
confront  you  in  the  performance  or  operation  of 
electrical  and  electronic  equipment  it  will  pay  to 
investigate  the  ability  of  B-L  Rectifiers  to  meet 
your  needs. 

Unusual  electrical  characteristics  plus  long  life 
and  compact  construction  make  B-L  Rectifiers 
ideal  for  many  applications  not  ordinarily  associ¬ 
ated  with  their  name. 


SELENIUM 


COPPER 

SULPHIDE 


THE  BENWOOD-LINZE  COMPANY 


HIS  lOCUST  STKEtT  ST.  LOUIS  3,  MO. 


Long  Distance  Telephone  CEntrol  5830 


Designers  and  Manufacturers  of  Selenium  and  Copper  Sulphide 
Metallic  Rectifiers,  Battery  Chargers  and  DC  Power  Supplies 
for  practically  every  requirement. 


MAGNETIZES  (co«tlnL:,d) 

ually  controlled  by  a  pushbutton 
switch.  The  ignitron  is  fired  from  a 
small  separate  firing  capacitor  C,  be¬ 
cause  it  can  be  fired  effectively  on  a 
much  smaller  time  constant  than  the 
main  storage  capacitor  Ci  and  some 
efficiency  is  gained. 

The  voltmeter  serves  primarily  as 
a  trouble  indicator.  It  is  justified, 
because  in  instrument  repair  a 
poorly  charged  magnet  may  not  be 
apparent  until  the  instrument  is 
reassembled,  when  considerable  re¬ 
working  may  be  necessary  to  condi¬ 
tion  the  instrument  for  recharging. 

External  Fixtures 

It  may  be  desired  to  charge  mag¬ 
nets  by  means  of  a  wound  charging 
fixture  rather  than  on  the  single¬ 
turn  secondary.  For  example,  the 
magnet  rotors  in  most  a-c  tachom¬ 
eter  generators  can  be  charged  by 
discharging  the  capacitor  directly 
through  the  field  winding.  For  such 
cases  terminals  are  provided  for  con¬ 
necting  external  charging  devices  di- 


Fig.  4 — 600-Tolt  motor,  on-off  twitch, 
pushbutton  contactor  and  torminali  for  fix- 
turot  aro  on  tho  control  ponol  of  the  cased 
magnotlxer 

rectly  into  the  capacitor  discharge 
circuit.  The  jumper  J  disconnects 
the  transformer  primary.  A  safety 
ground  terminal  is  provided  to 
ground  the  fixture  case  to  avoid 
shock  in  the  event  of  insulation  fail¬ 
ure  within  the  fixture. 

The  secondary  circuit  must  carry 
a  current  peak  of  several  thousand 
amperes,  and  to  avoid  contact  resis¬ 
tance,  it  is  important  to  keep  the 
front  end  parts  clean  and  the  con¬ 
tacting  surfaces  flat.  Persistent  con¬ 
tact  resistance  may  be  detected  by 
local  heating  when  the  charger  is 


ISO 
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FAMOUS  "TYPE  10 


eiNIRAL  IXCAVATOR'S 
TYPI  10  IN  ACTION 

:  An  amazinitr  time  savinir 
j  money  saving  machine. 

:  "Type  10”  is  precision 
^  equipment-a  revolution- 
'  ary  development  in  ex- 
n  cavating  machinery.  It’s  ^  ■ 
'%  one  of  many  products- 
large  and  small  that 
have  the  design  economy 
and  greater  work  effi-  'A 
ciency  of  Truarc  rings.  H 


FRSCf  s«  how 

Truarc  can  improve  your  prod¬ 
ucts— cut  production  and  main-, 
tenance  costs.  'V^rite  today  for 
Truarc  booklet  showing  ap¬ 
plications  and  design  sketches. 
Specify  Booklet  isC. 


WAYS  WALDES 


fC/A/Cs 

IMPROVED 


NOW  YOUR  MACHINES  CAN  HAVE  THE  DESIGN  ECONOMY 

U.t.  fAT.  RE. tS«144 


of  retaining  rings  regardless  of  load,  stress  or  accuracy  involved.  V^aldes 
Truarc  high  precision  retaining  rings  do  the  job  of  nuts,  shoulders, 
collars,  pins  and  snap  rings.  Yet  they  allow  lighter,  more  compact  units— 
make  assembly  and  disassembly  quicker,  easier.  TRUARC  retaining  rings 
Rive  httter,  more  dependable  retention  because  their  mathematical  preci¬ 
sion  means  perfect  circularity— insures  an  unfailing  grip.  There’s  a  Truarc 
ring  for  every  mechanical  purpose.  \  am? 


WALDES 


WALDES  KOHINOOR  INC.,  LONG  ISLAND  CITT  1,  N.  T. 

CA««eiM  aCMCUNtATIVt  I  MCIMO  AND  IHSIHItAIN*  CORrORATION.  LTO.»  7Z.74  tTArrOAR  tTAItT.  TORONTC 
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HIGH  VOLTAGI- 
HIOH  FtlQUINCY 
CONTACTORS  .  .  • 

designed  primarily  for  high 
frequency  awitriiing  from 
remote  control  point.  Use 
with  any  high  voltage  c<4d 
break  application, — A.  C. 
or  D.  C.  Low  loss  insula¬ 
tion,  steatite  or  glass 
bonded  mica.  Omtactors 
range  from  IS  amps  at 
3000  volt  to  35  amps  at 
25,000  v(dt  maximum. 


HIGH  FRIQUINCY-HIGH  VOLTAGI  TRANSFIR 
SWITCHIS  .  .  . 

for  radio  or  indus¬ 
trial  load  transfer. 
Magnetically  oper¬ 
ated  from  remote 
point.  Mechanical¬ 
ly  held  in  either 
position.  Accom¬ 
modates  currents 
up  to  75  amps  high 
frequency.  Low 
loss  insulation, 
steatite  or  glass 
bonded  mica.  Cold 
break  only. 

COMIINATION  ROWn  A  SIMULTANIOUS 
CONDINSn  DISCHARGI  CONTACTOR  •  •  • 

is  a  striking  ex¬ 
ample  of  our 
ability  to  create 
specialised 
switching  ap¬ 
paratus  in  ac¬ 
cordance  with 
unusual  cus¬ 
tomer  specifi¬ 
cations. 


Consufr  us-w« 
spaciolfg*  In 
ihn  vnuswoff 


The  Monitor 

Controller  Company 

BALTr'MORl  2  MARYLAND 


•  Tha  renown  of  Imperial  os  the  finest  in 
Tracing  Doth  goes  back  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  doth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  os 
good  as  ever,  neither  brittle  nor  opaque. 

if  you  like  a  duller  surface,  for  dear,  hard 
pendi  lines,  try  Imperial  Pencil  Tradng  Ooth. 
It  is  good  for  ink  os  well. 


IMPERIAL 

TRACING 

CLOTH 


SOLD  BY  IBADING  STATIONERY  AND  DRAW¬ 
ING  MATERIAL  DEALERS  EVERYWHERE 


used  as  main 
power  or  filament 
contactors  with 
auxiliary  delayed 
time  circuit  or 
circuits.  Contac¬ 
tor  and  timer 
joined  physically, 
electrically, — 
saving  space, 
assuring  certain 
operation. 


Jk  §nw  nt  Many  spodoMpMl  typn$  at  ewiicfc* 
Ing  opporalw  wm  design  and  manvfaetvro  for 
niectronfc  applkatloiu. 


HIGH  VOLTAGE 
D.  C.  HOT  BREAK 
CONTACTORS... 


for  energising  high 
voltage  vacuum 
tube  circuits,  break 
circuits  carrying  up 
to  1.5  amps  at  3  to 
5  thousand  volts. 
Vacuum  switch 
eliminates  extemsd 
moving  parts. 


CONTACTOR  TIMUS  •  .  • 


S/^ec/a/izecit 

SmTC/ftMG  JtPPAMWS 


FOR  ELECTRONIC  EQUIPMENT 


MAGNETIZER 


(eontinuad) 


Operating  Notes 


In  well  designed  instruments  the 
reluctance  is  divided  more  or  less 
equally  between  the  air  gap  and  the 
magnet  proper  as  a  proper  imped¬ 
ance  match.  Thus,  if  the  air  gap  can 
be  shunted  by  an  iron  keeper  when 
charging,  the  magnet  may  be  charged 


operated  rapidly  several  times.  A 
small  amount  of  contact  resistance 
may  be  expected  after  assembling  a 
front  end  through  a  magnet  for 
charging  but  it  will  disappear  after 
the  first  charging  impulse.  It  is 
recommended  that  each  magnet  be 
given  three  charging  impulses  on  the 
assumption  that  some  initial  contact 
resistance  is  apt  to  exist. 


Tracing  cloth 
that  defies 
time 


COAXIAL  CABLES  AND  CONNECTORS  •  INDUSTRIAL  CONNECTORS,  FITTINGS  AND  CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTICS  FOR  ELECTRONIC 
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^  Amphenol  Twinox  and  Coax  RG  cables,  produced  to  stand¬ 
ards  that  surpass  the  high  Army-Navy  speciiications  for 
critical  wartime  uses,  are  ideal  for  the  myriad  of  peocetime 
applications  in  all  phases  of  the  rapidly  expanding  electronic 
industries.  Rigid  laboratory  tests  and  notarized  affidavits  on 
every  shipment  give  final  assurance  of  extra  quality  and 
dependability. 

^  Amphenol  special  low-loss  V.H.F.  connectors  ore  available 
in  a  complete  line  for  all  practical  applicatfons  of  RG  cables 
and  other  lues.  Mechanically  efficient  and  electrically  cor* 
rect,  these  easily  assembled  connectors  and  adaptarfe  provide 
the  utmost  efficiency  in  circuits  in  which  they  ore  used. 


AMPHENOL  ASSEMBLY  SERVICE 


An  important  port  of  Amphenol  service  to  users  of  cables  and 
connectors  is  a  complete  Assembly  Service.  Rigid  specifica¬ 
tions  and  performance  requirements,  plus  thorough  scientific 
testing  of  each  port  and  process,  assures  users  of  satisfac¬ 
tory  service.  For  cables,  connectors  and  complete  assembly 
service,  look  to  the  world's  largest  producer  —  Amphenol. 


AMERICAN  PHENOLIC  CORPORATION 

CHICAGO  50,  ILLINOIS 
IN  CANADA 

AMPHENOL  LIMITED  •  TORONTO^, 
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ture  will  permit,  which  requires  loca¬ 
tion  of  the  charging  bar  at  the  ap¬ 
proximate  center  of  the  magnetic  cir¬ 
cuit.  It  is  general  practice  simply 
to  hold  the  instrument  so  as  to  locate 
the  bar  at  the  estimated  center  of 
the  magnetic  circuit  opening  if  the 
opening  is  large  with  respect  to  the 
cross-section  of  the  bar. 

The  great  majority  of  permanent 
magnets  can  be  charged  with  a  sim¬ 
ple  straight  charging  bar ;  others  re¬ 
quire  specialized  front  ends.  Two 
typical  special  front  end  assemblies 
are  shown  in  Fig.  5.  Also,  it  occa¬ 
sionally  may  be  necessary  to  employ 
special  transfer  keepers  that  will  al- 
allow  charging  with  the  air  gap 
closed,  and  subsequent  transference 
to  the  instrument  without  opening 
an  air  gap  larger  than  the  magnet  is 
subjected  to  within  the  instrument. 

•  •  • 


EARLY  MAGNETRONS 


(AbOT«)  Rcmdall-Boot  c-w  mognatron  first 
saan  at  Wamblay.  England  loboratorias  of 
Ganarol  Elactric  Co»  Ltd.  in  April  1940.  It 
wai  continuously  OTacuotad.  watar-cooled. 
usad  a  larga  alactromagnat,  ond  had  an 
output  of  soTarol  hundrad  watts  of  c-w 
naor  10  cm 


(Balow)  An  improrad  modal  that  gare 
dmilor  parformonca  with  raducad  waight 
was  aToWad  at  Wamhlay 


Another 


lAI  labels 
engraved  into 
panel 


2  Telescoping 
antenna  forms 
convenient  handle 


3  Big  knohs  for 
coM  weather 
handing 


4  Visual 
determination 
of  zero  beat  by 
cathode  ray 
indicator 


5  Laboratory-type  dial  with 
vernier  gives  readability . 
to  one  part  in  one  thousand 


rowim^  Devetopment 


6  Niff  iii-JiMiii  viriiir  irivi  fir  fin  lijistaiit 


1  Nsis  ffWV  as  priBiry  staidard 


8  li||id  still  cabiiit  aid  aliaiiii  paiil 


8  Aidii  iitpit  fir  aidibi)  ditietiif  biats 


10  110-115  AC-DC  ipiratiii  —  chicks  AM  ir  FM 


BROWNING’S  Model  S-4  Frequency  Meter  was  designed 

especially  for  marine,  police,  aircraft,  fire  department, 
and  other  special  service  radio  operators,  who  must  be 
certain  that  transmitters  are  on  frequency. 

Completely  new,  it  incorporates  all  the  features  that 
supervisors  of  emergency  radio  systems  have  requested 
—  plus  many  new  refinements  perfected  during  our  war 
experience  in  designing  high-precision  radar  test  equip¬ 
ment. 

For  example,  we  have  included  a  vernier  on  the  new 
laboratory-type  scale,  permitting  reading  accuracy  to 
one  part  in  one  thousand.  A  telescoping  antenna  has 
been  added  to  the  side  of  the  case.  When  telescoped, 
it  forms  a  convenient  carrying  handle.  Big,  easy-to-hold 


knobs  let  you  operate  the  meter  with  gloves  on,  in  cold 
weather. 

The  highest  degree  of  stability  has  been  built  into  the 
Model  S-4  by  the  use  of  improved  circuits  and  voltage 
regulation  within  the  unit.  FCC  requirements  of  plus 
or  minus  .00025%  accuracy  are  exceeded  by  the  cry^stal- 
controlled  BROWNING  Frequency  Meter.  Using  110- 
115  volt  A.C.  or  D.C.  current,  it  checks  both  AM  and  FM 
equipment. 

The  S-4  is  custom  built  and  hand  calibrated  for  testing 
frequencies  in  any  five  bands  from  1.5  to  100  me.,  ac¬ 
cording  to  the  user’s  requirements.  For  additional  tech¬ 
nical  data  and  other  information,  address  BROWNING 
LABORATORIES,  Irfc.,  Winchester,  Mass. 
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TUBES  AT  WORK 

Night  Vision  with  Electronic  Infrared  Equipment. ...  192 
Load  Lamp  for  Microwave  Power  Measurements . . .  204 
Radar  lor  Weather  Man .  210 

Night  Vision  with  Electronic  Infrared  Equipment 


Devices  for  seeing  in  the  dark  by 
means  of  electronic  detection  of  in¬ 
visible  infrared  radiation  were  de¬ 
veloped  to  a  high  degree  by  German 


scientists  during  the  war.  Most  of 
these  used  a  picture-transformer 
tube,  called  a  bildwandler,  that  con¬ 
tained  an  infrared-sensitive  screen 
which  emitted  electrons,  an  electron 
lens  system,  and  a  fluorescent  screen 
on  which  the  image  was  formed  by 
the  lens. 

The  bildwandler  tube  was  used  in 
three  types  of  infrared  equipment, 
namely,  nachtfahrgerat  (night  driv¬ 
ing  equipment  for  tanks),  zielgerat 
(rifle  sighting  mechanism  for  snip¬ 
ers),  and  an  aircraft  experimental 
model  muecka  (mosquito). 

The  nachtfahrgerat  was  used  for 
driving  in  complete  blackout  at  any 
rate  of  speed  the  vehicle  could  main¬ 
tain  and  for  firing  at  objects  with¬ 
out  the  use  of  flares.  The  roadway  is 
illuminated  clearly  for  100  yards  and 
most  objects  can  be  seen  at  200 
yards. 

Construction  of  Tube 

The  equipment  contains  a  special 
tube  called  a  bildwandlerrohr,  a  pic¬ 
ture-transforming  tube.  Ks  essen¬ 
tial  portions  are  shown  in  Fig.  1.  At 


the  end  toward  the  objects  to  be 
viewed  is  an  infrared-sensitive 
screen  composed  of  some  transparent 
cesium  compound  that  emits  elec¬ 


trons  when  infrared  light  strikes  it. 
The  end  of  the  tube  toward  the  ob¬ 
server  contains  a  fluorescent  screen 


on  which  the  real  image  is  formed 
by  the  electrical  system.  The  ar¬ 
rangement  of  the  screens  in  the 
bildwandler  tube  and  its  associated 
optical  systems  are  shown  in  Fig.  1. 
Light  from  the  object  being  viewed 
passes  through  a  lens  system  and  a 
red  filter  to  the  cathode,  a  screen  of 
infrared-sensitive  cesium  compound. 
When  this  screen  is  illuminated  from 
one  side,  electrons  are  emitted  from 
the  opposite  side  according  to  the  in¬ 
tensity  of  the  infrared  radiation. 
These  electrons  are  focused  electro¬ 
statically  by  an  electron  lens  or  grid 
shown  at  the  center  of  the  tube. 

Electrons  from  the  grid  are  next 
attracted  to  the  positively  charged 
fluorescent  screen  used  as  the  anode. 
Here  they  form  a  visible  image  that 
corresponds  to  the  distribution  of 
infrared  radiation  on  the  cathode 
screen. 

Size  of  Image 

The  first  optical  system  (objec¬ 
tive)  forms  a  real  image  on  the 
infrared  screen,  with  a  magnifica¬ 
tion  of  9/25.  With  an  observer's  eye 
at  the  conventional  23  cm  from  the 
screen,  the  angle  subtended  at '  the 
eye  by  the  image  on  the  infrared 
screen  is  one-third  of  the  angle 
which  the  original  object  would  sub¬ 
tend  at  the  eye  without  any  system 
in  between.  The  image  formed  on 
the  fluorescent  screen  by  the  elec- 


Infrarsd  t«l«icop«  (whit*  arroir)  for  night  tWod  mountod  on  a  G*rman  hcdi-trock. 
The  dS-Inch  teorchlight  on  top  of  th*  T*hicl*  contoini  on  infrared  filter  as  do  the 

other  lights 
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Fig.  1 — Essenfiol  electronic  and  optical  elements  of  the  German  system  for  seeing  ot 

night  with  infrared  illumination 
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FOR  COMMUNICATIONS  IN  TRAINS  •  TRUCKS  •  BUSES  •  PLANES .. . 


BY  GUAKaIIAN -  yMr<  ahead  of  todays 

ott«r  de«i|^ers  of  two-way  radios  dofinito  odvancomonts  which  contribute  to 
better  iong-life  operation.  This  is  especialiy  evident  with  Guardian  Reiays  and 
Switches  used  in  two-way  radios  for  trains,  trucks,  buses,  pianes. 

For  instance.  Guardian’s  series  165- A  Relay  (A1  Si  Mag  insulated),  for 
antenna  changeover  and  break-in  is  small,  compact,  vibration-resistant.  Labor¬ 
atory  tests  with  2  normally  open  contacts  prove  series  165-A  withstands  vibra¬ 
tion  of  16.2  g.+  in  both  energized  and  de-energized  positions.  This  is  achieved 
by  rugged  overall  construction  and  precise  counteriralancing  of  the  armature 
assembly.  For  H.F.  and  U.H.F.  the  series  165-A  has  a  contact  capacity  to 
handle  all  required  frequencies.  Operates  at  temperatures  ranging  —65°  to 
+160°F.  and  at  altitudes  from  sea  level  to  50,000  ft.  Truly,  series  165-A  merits 
a  trial  now/  For  V.H.F.  antenna  switching  or  keying  try  the  war-tested  Vacuum 
Switch  Relay  by  Guardian. 

Let  us  furnish  cost-free  information  about  the  complete  Guardian  line  of  Radio 
Relays,  also  all  Telephone  Type  Relays  including  the  small  Midget;  and  a 
special  Switch  used  on  push-to-talk  circuits. 

GUARDIAN^  ELECTRIC 

U25-6  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 


Series  165-A  Relay 
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INFRARED  EQUIPMENT  (continued) 


irons  is  9/10  the  size  of  the  hrst 
image. 

The  second  optical  system  (ocular) 
forms  a  vertical  image  somewhere 
inside  the  receiver,  but  with  a  mag¬ 
nification  of  about  3.  The  net  result 
is  that  if  the  eye  is  held  about  15 
cm  from  the  outside  surface  of  the 
ocular,  the  image  seen  subtends  the 
same  angle,  at  the  eye,  as  the  origi¬ 
nal  object  would  in  ordinary  light, 
without  any  system  in  between,  and 
a  true  interpretation  of  the  sur¬ 
rounding  objects  is  formed.  If  the 
eye  is  moved  further  or  closer  than 
15  cm  from  the  nachtfahrgerat,  the 
object  appears  larger  and  smaller. 
This  is  due  to  the  fact  that  the  final 
vertical  image  is  not  at  the  same 
place,  in  distance,  as  the  original  ob¬ 
ject,  but  closer,  although  with  the 
eye  at  15  cm  from  the  instrument,  it 
subtends  the  same  angle  at  the  eye 
as  the  original  object. 


Light  Source 


The  infrared  light  source  is  a  100 
or  200-watt  lamp  with  infrared  plate 
and  Fresnel  lens  to  disperse  light 
along  the  road.  In  addition,  a  pair 
of  infrared  filters  is  used  to  cover 
headlights  of  the  car  or  tank. 

The  red  filter  in  front  of  the  pic- 
ture*forming  tube  is  inserted  to  pro¬ 
tect  the  infrared  sensitive  screen 
used  as  the  cathode.  If  bright  light 
strikes  this  screen,  it  tends  to  des¬ 
troy  it. 

The  image  on  the  cesium  screen  is 


fnwai  -  vonTuinea  —  Oil-Filled 
with  Neoprene  Bakelite  Seals 
VASTLY  SUPERIOR  TO  ORDINARY  CARDBOARD  TUBULARS 


inverted,  due  to  the  objective  lens. 
The  high  potential  is  applied  to  give 
an  erect  image  on  the  fluorescent 
screen  by  bringing  the  electron 
beams  to  a  focus  inside  the  tube,  and 


THE  POTTTP  COMPAN 

X  X  X  I  X  V  ESTABLISHED  19 

1952  SHERIDAN  ROAD,  NORTH  CHICAGO,  ILLINOIS 

Preferred  by  leading  manufacturers  of  electronic  equipment 


How  —  with  the  increasing  multitude  of  electronic  applica¬ 
tions,  exacting  the  utmost  in  dependability,  make  sure  with 
Potter  Quality.  Light,  durable,  space-saving — the  highest  achieve¬ 
ment  in  capacitor  material  design  and  construction,  for  today  s 
precision  requirements  in  electronics.  contained  — 

oil-filled — neoprene  bakelite  seals.  Durable.  Space-saving.  Far 
surpassing  cardboard  tubulars  ht  every  point. 

Here’s  Evidence!  Remarkable  Record  of  Potter  Acceptance 

Under  the  most  rigid  Signal  Corps  inspection — under  condi¬ 
tions  of  the  most  intense  humidity,  acceptance  of  POTTER 
CAPACITORS  ran  99  9/10  percent.  Potter  Capacitors  have  been 
specified  for  many  types  of  Army,  Navy,  and  C.A.C.  equipment. 

Assure  your  product  the  constant,  high  fidelity  reproduction 
of  Potter  Capacitors  to  your  specifications— performance  always 
faithful  to  the  ideal,  under  any  and  every  condition  of  operation. 

In  ratings  up  to  2,S00  volts 

Ask  for  full  details.  Get  all  the  facts  on  Potter  superiorities— 
and  compare!  PROMPT  DELIVERY.  Wire  or  Wrif 


A  bildwondl«r  plcturA-trcmsioniMr  tub* 
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See  9t  /Ji  ^  Glance! 

The  THREE  Great  Advantages 

of  the 
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I  These  ^  ^  Msure  efficient 

speedy  action  of  the~breaker  and  positive 
protection  for  your  equipment. 


A  true  ioYona  TIME  DELAY 
in  honnstically  needed  unit  allows 
passage  of  inrush  current,  but 
continued  overlood  opens  the 
breaker  in  time  inverse  to  the 
ratio  of  the  current.  On  short  cir¬ 
cuit  the  action  is  instonfaneous. 


The  fflGH  SPEED  LATCH 
acts 'with  the  least  amount  of 
friction  and  mechanical  delay 
of  any  latch  known.  It  makes 
it  impossible  to  hold  the 
breaker  closed  against  short 
circuit  or  excessive  overload. 


The  HIGH  SPEED  BLOWOUT 
assures  instant  ard  interruption. 
Individual  arcing  chambers 
separate  the  blowout  contacts 
f  from  each  other.  As  the  value 
of  the  current  to  be  interrupted 
increases,  the  quenching  effect 
becomes  greater,  due  to  the 
intensified  magnetic  blowout 
field. 


Send  for  NEW  Catalog  Showing  Complete  Line  and  Engineering  Data  •  • 
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also  to  accelerate  the  flow  of  elec¬ 
trons  to  give  a  brighter  picture  on 
the  fluorescent  screen. 

The  circuit  of  the  high-voltage 
supply  is  shown  in  Fig.  2.  It  con¬ 
tains  a  vibrator  and  an  automobile- 
type  spark  coil  as  a  step-up  trans¬ 
former.  Selenium  rectifiers  are  used 


SELENIUM  RECTIFIER  .6000V 


SELENIUM  ♦8D00V 
RECTIFIER  ' 


HORIZONTAL? 


OPEN  BLADE 
Model  S-l-P 


FOR  VERTICAL 
MOUNTINO 


FOR  HORIZONTAL 
MOUNTINO 


ACRO  OfocK  Sictde 

SWITCHES 
Simplify  hundreds  of  problems 

Whether  you  mount  your  switchei  vertically  or  horizontally 
you  too  should  be  able  to  improve  product  performance  by 
adopting  ACRO  Snap-Action  Switches.  The  flexibility  of 
design  and  adaptation  and  the  amazing  performance 
records  are  keyed  to  ACRO’s  patented  beryllium  Rolling 
Spring  construction.  No  other  switch  is  made  like  It.  No 
other  switch  performs  like  it.  Yet  the  cost  is  bw. 

With  better  contact  pressures,  sturdy  construction  and 
positive  fast  action,  ACRO  Switches  are  virtually  trouble- 
free.  Many  are  built  for  millions  of  operations.  Made  in 
1,  2  and  3  poles — single  throw  and  double  throw.  Return 
types  and  set  types  with  a  wide  range  of  operating 
pressures.  Rated:  15  Amps,  at  125  volts  A.C  Illustrated 
above  are  but  2  of  over  1 500  models  of  open  blade  and 
inclosed  type  switches.  Send  your  engineering  details  for 
a  prompt  answer. 


ACRO  ELECTRIC  COMPANY 

1SU  Sepsrier  Avmm  CIsvsIimU  14,  Obi* 


Fig.  2 — High-Toltaqe  power  supply  for  the 
nachtfahrgerot.  the  infrared  rWon  unit  for 

Tehicles 


with  a  capacitor  filter.  The  input  is 
12  volts  at  15  watts  and  two  d-c  out¬ 
puts  are  provided,  one  of  6,000  volts 
and  the  other  8,000  volts.  Some  of 
the  newer  power  supplies  are  motor- 
generator  units  instead  of  vibrators. 

The  Zielgerat 

A  small  infrared  receiver  that 
mounts  on  any  rifle  in  place  of  tele- 


The  Infrared  receiver  for  temks  viewed 
from  the  righting  position.  High-voltage 
terminals  ore  ot  top 
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/Blazing  four  trails 

to  better  product  control 


Pioneer  explorers  fought  their  way  across  Amer* 
ica,  blazing  single  indistinct  trails  most  of  the 
way.  Today  modern  four  lane  highways  speed 
motor  traffic  on  its  way. 

Alert  to  the  needs  of  modern  industry.  North 
American  Philips  developed  high-efficiency 
x-ray  diffraction  apparatus.  And  to  further  the 
efficiency  of  that  equipment  the  NORELCO  four 
window  x-ray  diffraction  tube  was  introduced. 

Through  its  use  the  speed  with  which  mate¬ 
rials  can  be  analyzed  is  greatly  in¬ 
creased.  In  many  cases  the  four 
available  camera  positions  make  it 
possible  to  carry  on  research  inves¬ 
tigations  and  control  work  at  one 
And  the  same  time. 
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NORELCO  X-ray  diffraction  equipment  has  many 
present  and  potential  uses  in  industrial  research. 
In  addition  this  equipment  has  found  an  im¬ 
portant  place  in  production  control  through 
the  analysis  of  materials  before-  and  during 
manufacture. 

The  application  of  NORELCO  x-ray  equip¬ 
ment  to  the  problems  of  expanding  industry  is 
further  evidence  of  the  Philips  principle  of  wed¬ 
ding  science  and  productive  ability  in  the  elec¬ 
tronics  field. 

NORELCO  products  include:  Quartz 
crystals,  cathode  ray  tubes,  indus¬ 
trial  and  medical  x-ray  equipment, 
fine  wire,  diamond  dies,  tungsten 
and  molybdenum  products. 
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north  AMERICAN  PHILIPS  COMPANY.  INC. 


09T.  C-4.  100  EAST  4T»  STRBT 
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German  snipers  used  this  infrared  equip 
ment  ot  night.  At  top  left  is  the  ligh 
source,  below  it  the  receieer,  and  at  righ 
the  power  supply  In  a  grenade  can 


source  is  mounted  on  top  of  the  re¬ 
ceiver  and  is  said  to  be  effective  up 
to  100  yards.  The  power  unit  is 
mounted  in  a  regular  gas  mask 
holder  and  requires  four  watts  from 
a  seven-volt  Edison  battery. 

The  receiver  operates  on  the  same 
principles  as  the  receiver  used  with 
the  nachtfahrgerat  with  the  addi¬ 
tional  feature  that  it  can  still  be 
used  for  about  fifteen  seconds  after 
the  power  supply  is  turned  off.  The 
reason  for  this  is  that  a  larger  value 
of  capacitor  is  used  for  a  greater 
time  constant,  so  that  the  value  of 
the  applied  voltage  gradually  de¬ 
creases.  All  that  is  needed  is  a  high 
potential  to  be  built  up,  since  there 
is  practically  no  current  drain. 

When  a  small  button  on  the  bottom 
of  the  power  supply  is  depressed,  the 
power  is  on  and  the  image  appears 
on  the  fluorescent  screen.  When  the 
view  begins  to  fade,  the  button  has 
to  be  depressed  again.  In  this  way, 
the  rifleman  must  stop  periodically 
to  apply  high  voltage,  but  he  has 
ample  time  to  sight  and  aim.  The 
infrared  light  beam  is  worked  sep¬ 
arately  and  is  probably  kept  on  all 
the  time.  It  is  fitted  so  that  the  light 
beam  is  thrown  on  the  same  point  at 
which  the  rifle  is  aimed.  This  device 
is  supposed  to  have  been  used  on  the 
Russian  front  with  very  good  results. 

The  Muecka 

The  aircraft  experimental  model, 
the  muecka,  is  a  small  receiver  less 
than  six  inches  long  that  was  not  put 


scopic  sights  is  called  the  zielgerat. 
This  enables  a  sniper  to  pick  off  in¬ 
dividual  men  at  night.  As  shown  in 
the  illustration,  the  receiver  is  about 
11  inches  long.  The  infrared  light 


When  a  line  is  ruled  on 
Arkwright  Tracing  Cloth,  the 
ink  flows  like  molten  lead,  and 
"freezes”.  It's  all  there.  Make 
a  mile  of  lines  and  you'll  never 
strike  a  place  where  the  cloth 
refuses  to  take  ink. 

This  feature  of  Arkwright 
Cloths  saves  time,  and  time 
means  money. 

Arkwright's  transparency 
saves  time,  too.  A  draftsman 
can  see,  easily  and  accurately. 
It  is  permanent,  because  trans¬ 
parency  is  achieved  by  mechan¬ 
ical  processing,  not  by  the  use 


of  surface  oils.  It  doesn't  become 
opaque  with  age. 

Arkwright's  freedom  from 
imperfections  saves  time, 
money,  and  bad  tempers.  There 
are  no  nibs  to  trip  a  pen;  no  dirt, 
no  stains.  There  are  no  pin  holes, 
first  or  last.  Repeated  erasure 
never  results  in  a  feathered  line. 

Executives,  purchasing  agents, 
and  draftsmen;  all  are  inter¬ 
ested  in  saving  time,  money,  or 
both.  To  them  samples  are  sent 
gladly.  Write  to  Arkwright 
Finishing  Company,  Provi¬ 
dence,  R.  L 
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/  The  Rauland  Visitron 
R-6025  is  a  10-inch,  virtually 
flat  face,  direct-viewing  Cathode 
K  Ray  Tube  especially  suitable  to 

television.  The  electromagnetically 
focusing  and  deflection  method  employed 
allows  the  screen  to  be  excited  by  a 
relatively  high  beam  current,  insuring 
good  contrast  with  excellent  focus. 


Specifications  of  the  Rauland  Visitron  R-6025 

Heoter  Voltage 

6.3  A.  C.  or  D.  C. 

Heater  Currertt 

0.6  amp. 

Focusing  Method 

Electromagnetic 

Deflection 

Electromagnetic 

Deflection  Angle 

50  degrees 

Screen 

Phosphor  P4 

Bulb  Diameter  (Mox.^ 

10^'^  at  screen  end 

Length  (Max.) 

±  h" 

Bose 

Small  Shell  Duodecol  7  Pin 

Anode  Volts  (Max.) 

11.000 

Anode  Volts  (Operating) 

8.000 

t 
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Electroneering  is  our  business 
THE  RAULAND  CORPORAT/ON  •  CHICAGO  41,  ILLINOIS 
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into  production.  No  infrared  lijfht 
source  was  captured  with  this  equip, 
ment.  According  to  a  prisoner,  it 
was  intended  to  have  infrared  lights 
installed  on  a  plane’s  wing  tips,  so 
that  the  pilot  could  use  the  receiver 
to  identify  or  locate  planes  near  him 
at  night.  It  w’as  planned  to  mount 
the  receiver  with  the  fire-control  in¬ 
struments.  A  separate  power  sup¬ 
ply  was  required  to  furnish  four 
watts  from  a  24-volt  input. 


Experimental  model  of  infrared  vision 
equipment  for  use  in  a  plane 


Techniques  used  in  manufactur¬ 
ing  the  fluorescent  screens  and  photo¬ 
sensitive  screens  contained  in  bild- 
wandler  tubes  are  described  in  de¬ 
tail  by  R.  H.  Ranger  in  report  C-66 
of  TIIC  (Technical  Industrial  In¬ 
telligence  Committee),  an  organiza¬ 
tion  set  up  and  operated  in  connec¬ 
tion  with  the  Foreign  Economic 
Administration  and  the  War  Pro¬ 
duction  Board.*  The  report  also 
describes  the  use  of  Wimshurst  ma¬ 
chines  to  supply  high  voltage  to  the 
bildwandler  and  the  steps  in  the  de¬ 
velopment  of  a  pocket-size  motor- 
driven  Wimshurst  machine  for  this 
purpose. 

Other  Infrared  Equipment 

A  very  simple  device  for  observing 
the  presence  of  infrared  searchlights 


*  Material  supnlied  by  the  Office  of  th** 
Publicatiun  Bouru,  Department  of  t’omnienT. 
WaHhington,  U.  C.  Interested  parties  shouln 
realize  that  some  products  and  proc'^s*‘cs 
described  may  also  be  the  subject  of  I’- 
Patents.  It  is  recommended  that  the  usual 
patent  study  be  made  before  pursulnK  i>rac- 
tical  applications. 
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. . .  A  Year  'Round 
Feature  of  ALL 


STUPAKOFF  CERAMICS 


Stupakoff  precision  quality  control  gives 
you  uniform,  dimensionally  accurate 
ceramic  parts.  By  standardizing  on 
STUPAKOFF  products,  you  minimize  pro¬ 
duction  losses  .  .  gain  assurance  of  max¬ 

imum  mechanical  strength  and  maximum 
electrical  protection. 

The  advantages  of  Stupakoff  ceramics 
have  been  developed  through  years  of 
«igineering  experience  and  research. 


Carefully  selected  and  laboratory  con¬ 
trolled  materials,  modem  manufacturing 
facilities  and  constant,  inspection  insure 
highest  quality  of  finished  products  at  all 
times.  Specify  Stupakoff — and  be  sure  of 
the  finest.  Write  for  Bulletin  245. 


EXPORT  DEPARTMENT 
13  E.  4ltl  SU  Niw  T«k  1i.N.T. 

Cihli  AitfrKS  ARLAR  aN  caRas 
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It  has  illustrated  sections 


practically  every  known  form  of  gearing. 


together  with 


today  on  your  company  stationery. 


INFRARED  EQUIPMENT  (continued, 

is  described  in  report  C-60  by  C.  W. 
Hansell  of  RCA,  who  served  as  phys¬ 
icist  and  investigator  for  TIIC.  He 
reports  that  about  10,000  of  these 
were  produced  for  use  by  the  Wehr- 
macht  to  detect  anticipated  use  of 
infrared  searchlights  by  the  Ameri¬ 
can  and  British.  They  consisted  of  a 
simple  paper  tube  having  an  in¬ 
frared  window  and  lens  at  one  end 
and  a  sensitive  screen  at  the  other. 
No  vacuum  was  involved. 

The  sensitive  screen  had  the  re¬ 
markable  property  that,  after  ex¬ 
posure  to  strong  sunlight  it  became 
so  sensitized  that  for  a  long  time 
afterward  it  would  respond  by  emis¬ 
sion  of  red  visible  light  when  illum¬ 
inated  by  invisible  infrared  light. 


Yours  for  the  asking 


A  new  informative  booklet  on  gearSi 


UKuaker  City  Gear  Works 

np  IMCO«PO«ATED 

1910  N.  Front  Street,  Philadelphia  22,  Pa. 


lanies  ana  lormuias.  write  lor  your  copy 


The  top  photo  shows  a  street  scene  at 
night  as  Tiewed  with  normal  rision.  With 
the  infrared  night  sight  of  the  U.  S.  Army, 
the  some  scene  appears  os  shown  in  the 
white  circle.  Enemy  uniforms  often  ap¬ 
peared  OS  a  light  silhouette 


One  successful  type  of  infrared 
sensitive  photoconductive  cell  used 
by  the  Germans  was  used  in  a 
variety  of  infrared  devices  for  the 
detection  and  location  of  airplanes, 
ships,  etc.  These  Elac  cells  were 
produced  at  a  rate  of  1,000  per 
month. 

Generally,  the  Elac  cells  were  pho¬ 
toconductive  devices  made  in  resis¬ 
tances  on  the  order  of  100,000  ohms. 
They  had  maximum  response  to 
wavelengths  of  about  2.5  microns  and 
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Federal’s  New  miniature  Selenium  Rectifier 


Assures  •  •  • 


REDUCED  COSTS 
SPACE  SAVINGS 
INSTANT  STARTING 


Reduced  costs,  because  this  rectifier  unit  not  only  costs 


less  than  the  parts  it  replaces,  but  permits  valuable  sav¬ 
ings  in  assembly  time  and  expense.  Only  two  soldered 
connections  for  complete  installation— minimum  mounting 
hardware  required. 

Space  savings,  because  this  single  compact  unit,  only 
1%  X  1V4  X  11/16",  can  be  used  in  place  of  a  rectifier  tube, 
tube  socket,  and  associated  components.  Leaves  more 
room  in  chassis  and  permits  reduction  in  receiver  size. 

Instant  starting,  because  power  supply  operates  instan¬ 
taneously  with  selenium  rectifier.  Eliminates  the  usual 
warm-up  time  required  with  a  vacuum-tube  rectifier. 

less  heating,  because  heat-producing  filament  of  rectifier 
tube  is  eliminated.  Gives  substantially  longer  battery  life. 


This  compact  5-pIate  unit  embodies  all  the  refine¬ 
ments  of  design  and  sturdy  mechanical  construction 
which  have  made  Federal  selenium  rectifiers  the 
standard  of  quality  throughout  the  industry.  Of  all 
metal  construction  throughout,  with  no  fragile  parts— 
it  will  last  many  times  longer  than  the  average  tube. 

Now  in  full-scale  production  .  .  .  orders  can  be 
filled  almost  immediately.  Write  for  details. 

Ratings:  Federal  5-plate  Rectifier-type  403D-2625 

Peak  inverse  voltage . . 380  volts 

Current  carrying  capacity lOOma  DC 


40$  D  M425  75  Jl 


Circuit  diagram  of  power  supply  for  AC  —  DC  —  Battery 
portable  radio  receiver,  using  a  5-plate  Federal  rectifier 
unit  in  place  of  the  conventional  tube  circuit. 


Federal  Telephone  and  Radio  Corporation 


Export  Distributor: 

lifttmoHonal  Standard  Bactric  Corporation. 


Newark  I,  New  Jersey 
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INFRARED  EQUIPMENT 


(continued] 


HEXACON 

SOLDERING 

ELECTRIC 

IRONS 


Western 

Electric 


..tagged  for  the  big  jobs! 


HEXACON  ELECTRIC  CO. 

130  W.  ClAY  AVENUE,  ROSELLE  PARK,  N.  J. 


Follow  the  leaders  —  and  you'll  use 
HEXACON!  For  rugged,  heavy  duty  work 
or  for  light,  intricate  work  .  ,  .  for  con- 
tinuous  production  or  hard-to-get  at  Work 
W  ...  here's  the  answer.  One  reason  is  "Bal- 

r  anced  Heat"  —  dissipating  excessive  element-im- 

paring  heat  —  and  minimizing  element  burn-outs 
and  tip  replacements.  Another,  is  their  light  weight, 
efficiency  and  dependability. 

LITERATURE  AVAILABLE— The  complete  HEXACON  line 
of  screw  tip  and  plug  tip  irons  from  40  to  700  watts, 
and  with  tip  diameters  ranging  form  '/i"  to  l%",  is  fully 
illustrated  and  described.  Write  today;  no  obligation. 


a  limiting  cut-off  of  response  at 
about  3.7  microns.  They  could  pro¬ 
vide  sensitivities,  or  useful  response 
as  determined  by  their  own  noise 
levels,  down  to  between  50  x  10" 
and  500  x  10‘®  watts  received  radi¬ 
ant  power.  They  had  time  constants 
on  the  order  of  one  millisecond. 

The  cells  were  designed  in  the 
form  of  thermos  flasks,  with  a  lead 
sulfide  layer  in  the  vacuum,  on  the 
end  of  the  inner  bottle,  and  could  be 
filled  with  carbon  dioxide  snow  to 
reduce  the  noise  power  level  in  a 
ratio  of  from  30  to  50  to  1. 


•  •  • 

Load  Lamp  for  Microwave 
Power  Measurements 

By  J.  E.  Beggs 

Rrnurfh  Laboratui'n 
Gfiieral  Klrririe  Cotnpaiiff 
Schftirctailif,  X.  Y. 

For  indicating  radio-frequency 
power  levels,  two  similar  incandes¬ 
cent  lamps  are  usually  employed.  One 
is  operated  as  the  load  circuit  for 
the  r-f  generator  under  test;  the 
other  is  used  for  comparison  pur¬ 
poses  and  is  operated  on  a  d-c  or  60- 
cycle  supply,  permitting  the  input 
power  to  be  measured  easily.  The 
lamp  with  known  input  is  adjusted 
until  it  is  operating  with  a  brilliance 
equivalent  to  that  of  the  lamp  oper¬ 
ating  from  the  r-f  supply.  An  alter¬ 
nate  method  is  to  calibrate  the  lamp 
temperature  or  amount  of  illumina¬ 
tion  in  terms  of  input  wattage  and 
thus  require  the  use  of  only  one  lamp. 

Conventional  lamps,  however,  are 
of  little  use  at  the  higher  frequen¬ 
cies.  The  inductance  of  the  leads 
makes  it  impossible  to  dissipate  the 
calibrated  energy  in  the  lamp  fila¬ 
ment.  Losses  occur  in  the  glass  stem, 
further  reducing  the  light  output. 
Loss  by  radiation  becomes  an  impor¬ 
tant  factor.  A  high-vacuum  lamp  is 
needed  since  any  gas  in  the  lamp 
tends  to  become  ionized  by  the  high 
voltage  that  occurs  along  the  fila¬ 
ment.  In  addition,  at  frequencies 
where  the  length  of  the  filament  be¬ 
comes  longer  than  a  quarter  wave¬ 
length,  the  heating  becomes  non- 
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Pictured  above  are  a  core,  a  gear  and  a  bearing  . . .  three 
basic  components  that  figure  in  the  construction  of  near!/ 
every  type  of  electronic  equipment.  It  is  interesting  to  note 
that  ail  of  these  components  maybe  quickly  and  accurately 
manufactured  by  powder  metallurgy ...  at  a  price  low 
enough  to  easily  offset  the  present  increased  prices  of  the 
other  electronic  components  with  which  they  are  used. 

ELECTRONIC  A  MECHANICAL  POWDER  METALLURGY 


Maguire  industries,  incorporated  •  375  fairfield  avenue  •  Stamford,  Connecticut 
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filament 


GETTER 


CENTER  LINE' 


getter 

CONTACT 


MICROWAVE  MEASUREMENTS  (continued) 

uniform  and  the  indicated  power  be¬ 
comes  erroneous. 

Lamps  Fit  Concentric  Line 

To  meet  the  demand  for  power  in¬ 
dicating  and  measuring  lamps  that 
will  overcome  the  above  limitations, 
a  series  of  concentric-line  load  lamps 
have  been  made  in  the  three  envelope 


Fig.  2 — Construction  details  of  a  concentric- 
line  load  lamp 


You  will  find  the  best  in  radio 
parts,  stampings,  chassis,  cabi¬ 
nets,  and  auto-radio  antennas 
in  the  new  I.C.A.  catalogs.  Be 
sure  to  send  for  your  copies  as 
soon  as  possible. 

Address  Dept.  E-2,  Insuline 
Corporation  of  America,  Insul¬ 
ine  Building,  Long  Island 
City,  N.  Y. 


Fig.  1 — Laboratory  models  of  plug-in  load 
lamps  for  concentric  lines.  Left  to  righL 
these  hoTe  5.  IS.  and  150-watt  ratings 

sizes  shown  in  Fig.  1.  The  small  en¬ 
velope  is  used  for  lamps  up  to  5  watts 
rating,  while  the  larger  sizes  are 
used  for  lamps  rated  at  15  and  150 
watts  respectively.  All  three  have 
the  same  concentric-line  input  ter¬ 
minals  as  are  used  on  G-E  2C39  tri- 
odes.  They  utilize  silver-plated 
parts  and  low-loss  iron  sealing  glass 
similar  to  that  employed  in  light¬ 
house  receiving  tubes.  Figure  2  is  a 


outer  line 


CONCENTRIC 

line  seal 

OF  LOW-LOSS 
GLASS 


insuline 


CORPORATION  OF  AMERICA 

INSULINE  BUILDING  •  LONG  ISLAND  CITY,  N  Y 
More  than  a  quarter-century  of  Quality  production 
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Another  critical  component  molded  in  G-E  mycalex 


•  A  radio  component  had  to  perform  double  duty. 
It  had  to  have  the  mechanical  strength  to  couple  a 
tuning  shaft.  It  had  to  act  as  a  high-frequency  in¬ 
sulating  disc  for  dial  and  panel. 


coupling  disc  withstands  high  operating  temperatures. 

Find  out  more  about  applications  for  G-E  mycalex. 
A  great  many  are  now  possible,  thanks  to  the  develop¬ 
ment  of  new  materials  and  new  molding  processes. 


This  problem  was  brought  to  No.  1  Plastics  Avenue. 
.\nd  was  solved  by  new  techniques  in  molding  G-E 
mycalex — compound  of  glass  and  powdered  mica  with 
a  unique  combination  of  properties. 

G-E  mycalex  provides  the  required  high-frequency 
insulation  and  mechanical  strength.  This  material 
affords  firm  anchorage  for  two  metal  coupling  inserts 
on  each  side.  There  is  no  electrical  leakage.  And  the 


SEND  FOR  YOUR  OWN  COPY.  A  new  bulletin  on  G-E  mycalex  is 
just  off  the  press.  A  helpful  design  handbook,  it  contains 
complete  and  up-to-date  information  for  solving  your  high- 
frequency  insulation  problems  with  G-E  mycalex — a  hard 
gray-colored,  stonelike  material  with  a  unique  combination  of 
properties.  New  grades  of  G-E  mycalex  and  new  G-E  mycalex 
molding  techniques  which  make  wider  and  more  economical 
applications  now  possible.  Fill  in  the  coupon  and  mail  it  today. 


GENERAL  »  ELECTRIC 


MICROWAVE  MEASUREMENTS 


(continued) 


905  17th  StrMt  N.I.,  Cedar  Rapids^  Iowa 


Licensed  Under  U.  S.  Patents  of  the  American  Telephone  and 
Telesraph  Company,  and  Western  Electric  Company^ 
Incorporated. 


cross-section  of  one  of  tKe  small 
lamps  which  shows  the  concentric- 
line  seal  and  the  construction. 

Multiple  filaments  are  used  which 
either  are  strung  radially  from  the 
edge  of  the  center  post  to  the  outer 
shell  or  are  mounted  so  as  to  form 
filamentary  elements  of  the  outer 
portion  of  the  line.  This  latter  con¬ 
struction  is  employed  in  the  largest 
sized  lamps. 

A  getter,  assembled  inside  the 


plete  with  20  ft.  removable  cable  set. 

TURNER  MODEL  999  BALANCED  LINE  DYNAMIC 

The  same  professional  appearance  and  rugged  construction  as  Model  99 
with  voice  coil  and  transformer  leads  insulated  from  ground  and  microphone 
case.  Line  is  balanced  to  the  ground.  Especially  recommended  for  critical 
applications.  Range  40*9,000  cycles.  Level  —  52DB.  In  all  standard  jmped- 
ances  with  removable  20  ft.  balanced  line,  low  capacity  cable  set. 

Ask  your  dealer  or  write  for  full  soeeifieationg 

*Thc  famous  clock  of  London 


Fig.  3 — Transmission-line  stretcher  section 
with  load  lamp  plugged  in 


center  line,  is  flashed  after  exhaust 
and  keeps  the  lamp  free  of  gas  which 
otherwise  might  become  ionized  and 
impair  its  performance.  This  fea¬ 
ture  of  high  vacuum  is  of  particular 
importance  in  measuring  pulsed 
high-frequency  power  for  in  this 
case  the  peak  voltage  between  the 
ends  of  the  filament  may  rise  as  high 
as  several  hundred  volts., 

The  lamps  can  be  plugged  into 
concentric-line  circuits  equipped  with 
matching  stubs,  line  stretchers,  or 
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DAMAGED! 


under  bor^ding  s^r»*ss 


V  orn 


^  Non-cracking,  ^ 

non-peeling,  non-chipping 
^  whatever  the  angle 
I  of  bend  or  twist! 


A  knoek^out 
to  uoumi  inmulmtion 
bromkdown  emuooB 


NEW!  TURBOTHERM 
Plastic  Insulated  Wire 


Specialized  in  Gouge  Not.  18  to  30 
stranded  and  solid  conductor  con¬ 
struction. 


electronics  — June  1946 


MICROWAVE  MEASUREMENTS 


(continued) 


^  TOUCH 


*  Every  magnet  individually  tested 
in  loud  speaker  structure  before 
shipping .  • . 

•Every  magnet  meets  R.  Ai  A. 
proposed  standards  .  .  . 

*  Every  magnet  meets  Arnold's 
minimum  passing  standards  of 
4,500,000  BHmax* 

Here’s  what  the  individual  touch 
means.  Thousands  of  the  nine 
different  sizes  of  speaker  mag* 
nets  shown  at  right  are  now  be* 
ing  turned  out  daily.  Each  one  is 
individually  tested  in  a  loud 
speaker  structure  before  ship* 
ping.  Each  magnet  is  made  to 
meet  R.  M.  A.  proposed  standard 
for  the  industry.  Each  magnet 
must  meet  Arnold’s  own  mini* 
mum  passing  standard  of  4,500,* 
000  BHmax  for  Alnico  V  ma¬ 
terial.  Thus  by  careful  attention 
to  the  important  "individual 
touch’’  in  volume  production  can 
Arnold  promise  you  top  quality 
in  each  individual  magnet  you 
select. 


other  means  of  impedance  matching. 
One  such  circuit  is  shown  in  Fig.  3. 
This  type  of  circuit  is  inherently 
self-shielding.  The  open-ended  me¬ 
tallic  shield  shown  surrounding  the 
lamp  reduces  radiation  effects  to  a 
negligible  value.  This  shield  may 
also  be  used  as  the  housing  for  a 
photoelectric  cell  or  phototube  which 
can  be  calibrated  on  d-c  or  60-cycle 
power  and  used  to  indicate  r-f  power 
values. 

Construction 

The  lamp  becomes  in  effect  a  con¬ 
tinued  but  sealed-off  portion  of  the 
concentric-line  circuit.  The  major 
factor  limiting  accuracy  of  calibra¬ 
tion  is  the  filament  construction  it¬ 
self.  This  is  minimized  by  using  a 
multiplicity  of  short  filaments  of 
small-diameter  wire  so  that  the  heat¬ 
ing  by  radio-frequency  energy  will 
not  be  too  unlike  the  heating  by  the 
d-c  or  60-cycle  calibrating  energy 
as  a  result  of  skin  effect.  Small  size 
wire  is  further  desirable  because 
filaments  may  be  made  as  short  as 
possible  and  still  have  the  desired 
impedance. 

The  multiple  filament  assembly 
provides  a  symmetrical  load  at  the 
end  of  the  concentric  line.  The 
smaller,  lower-powered  lamps  na¬ 
turally  use  finer  wire  and  shorter 
filaments  than  the  higher-powered 
ones,  and  thus  are  useful  at  propor¬ 
tionately  higher  frequencies.  The 
lamp  sizes  made  to  date  have  an 
upper  frequency  limit  of  1,000  to 
3,000  me  to  which  reliable  measure¬ 
ments  may  be  quickly  and  easily 
made.  At  higher  frequencies  they 
are  useful  for  indicating  relative  or 
maximum  levels  when  making  circuit 
adjustments. 

The  author  wishes  to  acknowledge 
suggestions  and  aid  from  E.  L. 
Strempel  and  H.  W.  Jamieson. 


Radar  for  Weather  Man 

A  450-pound  piece  of  radar  gear, 
developed  by  Aircraft  Radio  Labora¬ 
tories  at  Wright  Field  and  originally 
used  for  blind  bombing,  is  used  in 
a  radar  weather  reconnaissance  plane 
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Dt  MORNAY 
BUDD^ 


Rototins  Joint  DB>444 


90*  Elbow  (H  Rlono)  DS>433  Rrotswrizing  Unit  Mitorod  Elbow  (H  Plano)  DB>439 


^lni<diro«tional  Brood  Bond  Coiiplor  DB-44i 


90*  Twist  DB-435 


REFLECTOO 


- FEED  HORt* 

ROTATIfitS  JOINT 


■FLAT90'EL50W 


90*  TWIST 


MITER^  ELBOW 


STRAIGHT 

SECTION 


:0G£  90r  elbow'  90*  TWIST 


Typical  wave  guide  assembly  illus¬ 
trating  use  af  Mornay  -  Budd  com¬ 
ponents  available  from  standard  stocks. 


Hired  from  special  precision  Hibing,  and  to  the 
most  stringent  mechanical  specifications.  Rigid 
inspection  and  quality  control  insure  optimum 
performance. 

Complete  laboratory  service  and  consultations 
on  micro-wave  transmission  line  problems  avail¬ 
able. 


When  you  use  any  De  Mornay-Budd  wave  guide 
assembly,  you  know  exactly  how  each  compo¬ 
nent  will  function  electrically.  You  avoid  possible 
losses  in  operating  efficiency  through  impedance 
mismatches,  or  breakdown,  and  arcing  caused  by 
a  high  standing  wave  ratio.  (See  chart  below.) 

De  Mornay-Budd  wave  guides  ore  manufac- 


Hw  cvrvw  abowt  tliw  montwr 
in  wkkk  Hm  r«R>c>>d  powwr 
inerwoBM  wMi  cm  iwerwew  in 
tkd  vohogn  ttonding  wovn 
ratio.  Tbo  evrvo  it  cokokrtod 
fran  llio  foliowine  o()oationt 
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COMMUNICATION 

COMPONENTS... 


”ADC” 


When  you  need  electrical  components  of  superior  quality 
that  will  give  extra  years  of  dependable,  trouble-free  service 
under  all  operating  conditions — then  it  will  pay  to  specify 
APC.  Our  components  reflect  experienced  engineering,  pre¬ 
cision  workmanship  and  rigid  inspection — plus  use  of  high¬ 
est  quality  materials.  These  products  are  now  available  for 
immediate  shipment. 


ADC  JACK  FANILS  are  molded  of 
phenolic  plastic,  reinforced  with 
steel  for  rigidity.  They  have 
standard  spacing  for  use  with  any 
double  plug.  Mounting  holes  fit 
all  standard  jacks. 

ADC  JACKS  are  approved  box  type, 
rigidly  aligned.  Non-aging  springs 
retain  tension.  Silver  alloy  con¬ 
tacts  riveted  through  blades.  Spe¬ 
cial  circuits  can  be  furnished. 


ADC  PLUGS  are  all  precision  built, 
sturdy  and  safe.  Designed  for  easy 
cord  replacement.  Interchange¬ 
able  with  similar  standard  plugs. 
ADC  plugs  meet  all  military  re¬ 
quirements. 

ADC  PATCH  CORDS  are  made  from 
the  finest  stranded,  tinned  copper 
wire.  Well  insulated.  Heavy  over¬ 
all  braid  increases  durability. 
Equipped  with  regular  ADC  plugs. 


to  provide  meteorological  as  well  as 
navigational  data. 

The  radar  operator,  by  pushing  a 
switch  marked  WEATHER,  gets  a 
picture  of  advance  cloud  formations 
on  a  special  detecting  screen.  Track¬ 
ing  clouds  instead  of  a  target,  the 
screen  will  indicate  approaching 
storms  at  a  distance  of  100  to  200 
miles. 

Observations  are  taken  every  30 
minutes  and  reported  back  to  the 
base,  where  the  information  is  fil¬ 
tered  and  relayed  to  bombers  and 
fighters  flying  near  the  storm  area. 
Ground  search  radars  have  also  been 
adapted  to  provide  meteorological 
data,  and  are  being  used  wherever 
possible  in  the  Pacific. 

Balloon-home  Reflectors 

Another  contribution  to  the  science 
of  meteorology  emerging  from  the 
war  is  use  of  radar  to  obtain  data  on 
the  velocity  and  direction  of  winds 
at  various  altitudes.  The  method, 
developed  by  the  Signal  Corps  Engi¬ 
neering  Laboratories,  employs  bal¬ 
loon-borne  reflectors  which  can  be 
tracked  to  their  bursting  point,  as 
high  as  100,000  feet  above  the  earth’s 
surface. 

Before  the  war,  balloons  could  not 
be  tracked  during  darkness  nor 
under  weather  conditions  limiting 
visibility.  The  use  of  radar  solved 
the  problem  since  wind  data  can  be 
obtained  at  heights  in  the  strato¬ 
sphere  that  were  impossible  with  the 
visual-observation  method  previously 
used. 

Two  types  of  reflector  were  de¬ 
signed  for  use  with  military  ground 
radar  sets  at  frequencies  ranging 
from  200  megacycles  to  3,000  mega¬ 
cycles.  For  the  200-mc  SCR-268,  a 
dipole  target  was  developed  that  con¬ 
sists  of  three  short,  foil-wrapped 
sticks  joined  in  the  center  to  form 
60-degree  angles  in  a  horizontal 
plane.  This  reflector  is  carried  aloft 
by  a  100-gram  hydrogen-filled 
balloon. 

The  other  reflector,  for  use  with 
microwave  radar  sets  such  as  the 
SCR-584,  is  an  8-cornered  triangular 
target,  somewhat  resembling  a  box 
kite.  The  reflective  surface  consists 
of  paper-backed  aluminum  foil  sup¬ 
ported  in  triangular  form  by  slender 
balsa  sticks,  each  measuring  36 
inches  in  length.  This  target  re¬ 
quires  a  350-gram  balloon. 


2833  13th  Ave.  S!,  Minneapolis,  Minn. 


SEND  TODAY  FOR  CATALOG 
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EQUIPMENT  SPECIFICATIONS 


Economical,  trouble-free  transformer  performance  is  impor¬ 
tant  to  every  user.  And  the  savings  of  unnecessary  trips,  de¬ 
lays  and  replacements  are  important  to  every  manufacturer 
and  dealer  of  radio,  radar,  television  and  electronic  devices. 

Jefferson  Electric  Transformers  incorporate  advancements 
in  engineering  design,  with  production  methods  and  control 
to  insure  high  uniform  quality. 

The  superiority  of  Jefferson  Transformers  is  based  on 
such  vital  and  fundamental  quality  characteristics  as:  im¬ 
proved  steel  to  reduce  electrical  losses;  advanced  methods 
of  using  carefully  selected  iron  for  laminations  followed  by 
Jefferson’s  own  process  of  annealing;  improved  compounds, 
materials  and  impregnation  methods  to  provide  greater 
resistance  to  moisture,  extreme  heat  and  cold. 

In  addition  to  these  features,  full  control  over  all  manu¬ 
facture,  assembly  and  inspection  insures  that  every  Jefferson 
Transformer  is  laboratory  correct  whether  ordered  in  small 
lots  or  hundreds  of  thousands. 


When  making  transformer  replacements  or  considering 
new  installations — select  your  transformers  from  the  Jeffer¬ 
son  Electric  Line ...  JEFFERSON  ELECTRIC  COMPANY, 
Bellwood  (Chicago  Suburb),  Illinois.  lu  Canada:  Canadian 
Jefferson  Electric  Co.  Ltd.,  384  Pape  Avenue,  Toronto,  Ont. 


T  R  AN  S  F  O  R  M  E  R  S 
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Tube  Design 


Design  of  a  pentagrid  converter 
with  refinements  to  eliminate  drift 
of  frequency  in  electron-coupled  os¬ 
cillators  was  discussed  by  Dr.  Grant 
Hector  of  National  Union  Radio 
Corp.  at  the  March  meeting,  Chicago 
Section,  IRE. 

He  stated  that  frequency  drift  was 
caused  by  changes  in  cathode  current 
due  to  the  return  of  primary  elec¬ 
trons  repelled  by  the  first  grid.  Use 
of  the  second  grid  for  the  oscillator 
circuit  and  introduction  of  shield 
plates  as  a  part  of  the  inner  screen 
combined  with  building  tubes  to  ex¬ 
act  dimensions  provide  an  efficient 
absorption  circuit  for  stray  primary 
electrons  preventing  their  return  to 
the  cathode.  Tubes  based  on  these 
principles  would  assist  in  design  of 
drift-free  superheterodyne  receivers. 

During  the  war,  conventional 


tubes  were  modified  for  operation  at 
the  higher  frequencies.  Interelec¬ 
trode  capacitances  were  reduced  by 
r-f  shielding  of  internal  leads  and 
extension  of  screen  grids.  Placing 
the  signal  grid  close  to  the  cathode 
as  in  the  6AK5  improves  operation 
at  high  frequencies.  High  imped¬ 
ances  permit  only  a  narrow  modula¬ 
tion  band;  wide  band  performance 
is  possible  when  the  internal  im¬ 
pedance  is  low. 

He  also  described  the  3C36  uhf 
power  triode.  Operation  between 
500  and  1500  me  is  obtained  in 
grounded  grid,  resonant  cavity,  or 
concentric  line  circuits.  Another  tube 
having  ten  anodes  and  a  magneti¬ 
cally  focused,  radial  beam  was  de¬ 
signed  for  high-speed  switching  in 
such  applications  as  time  division 
multiplex. 


Vhf  Receiver  Measurements 

By  Howard  Gordon  and  Louis  George 

Washington,  D.  C. 

Advance  of  communications  into 
the  very  high  frequencies  has  made 
accurate  measurements  of  receiver 
radio-frequency  selectivity  charac¬ 
teristics  increasingly  difficult.  Stand¬ 
ard  signal  generators  available  for 
use  at  these  frequencies,  up  to  the 
present,  have  no  provision  for  ac¬ 
curately  discerning  the  sufficiently 
small  increments  in  frequency  re¬ 
quired  for  these  tests.  In  many  cases, 
the  receiver  under  test  has  a  rela¬ 
tively  sharp  selectivity  characteris¬ 
tic — in  the  order  of  kilocycles,  while 
the  signal  generator  tuning  dial  di¬ 
visions  represent  frequency  differ¬ 
ences  in  the  order  of  megacycles. 

The  technique  to  be  described  was 
found  to  be  superior  to  the  usual 
method  of  reading  the  signal  gener- 


Fig.  1 — ^Um  of  rocoiver  calibrated  at 
the  intermediate  frequency  of  the  re- 
ceiTor  under  tect 


ator  dial  divisions  for  small  fre¬ 
quency  increments. 

Receiver  Selectivity 

Referring  to  the  block  diagram 
shown  in  Fig.  1,  the  signal  generator 
is  resonated  to  the  receiver  frequency 
and  the  input  level  adjusted  to  pro¬ 
duce  some  convenient  rectified  carrier 
voltage  across  the  second  detector 
load  resistor.  A  calibrated  communi¬ 
cation  receiver  capable  of  tuning  to 
the  intermediate  frequency  is  then 
coupled  into  the  i-f  amplifier  of  the 
receiver  under  test  at  some  point 
where  the  signal  level  is  of  conven¬ 
ient  amplitude.  The  calibrated  re¬ 
ceiver  is  then  tuned  to  the  inter¬ 
mediate  frequency  produced  and  the 
frequency  and  input  level  recorded. 

Adopting  the  usual  procedure,  the 
signal  generator  is  detuned  in  small 


Manufacture  of  tubes  for  two*woy  radio  communication  at  the  Svetlana  Factory  in 

Leningrad*  Russia 
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RHEOSTATS  -  RESISTORS 
TAP  SWITCHES 


RHEOSTATS  •  RESISTORS 
TAP  SWITCHES 


Clos*  Control  IHEOSTATS 

10  Wattage  Sizes  from  25  to 
1000  Warn,  from  I♦^'  to  12' 
Diameter,  with  Standard  or 
Special  Features,  with  Uniform  or 
Tapered  Windings,  in  Stock  or 
Special  Resistances,  in  Single,  Tan¬ 
dem,  or  Concentric  Units. 


The  complete  service  available  to  you  at 
Ohmite  assures  you  of  the  right  control  units  for 
your  specific  needs.  From  the  many  Ohmite  stock 
types,  you  can  often  make  a  quick,  economical 
selection.  On  special  requirements,  Ohmite  ex* 
perience  with  unusual  applications  can  be  of 
real  help  to  you.  What’s  more  . . .  you  can  always 
rely  on  the  knowledge  that  Ohmite  design  and 
construction  have  long  been  proved  in  the  most 
critical  applications  under  severest  operating 
conditions.  Yes,  there’s  good  reason  to  prefer 
Ohmite  Rheostats,  Resistors,  Tap  Switches  in 
your  products  or  equipment. 

OHMITE  MANUFACTURING  COMPANY 

4818  FLOURNOY  STREET  •  CHICAGO  44,  U.  S.  A. 


Wiro  Wound  RISISTORS  | 

Widest  Range  of  Types,  Sizes  and  Ratings  in  I 
Stock  and  Made-to-Order  Units.  Fixed,  Ad*  ' 
justable  or  Tapped.  General-Purpose,  Non-  | 
Inductive  or  Precision.  Standard  or  Special  | 
Windings.  Variety  of  Terminals  and  Mountings.  | 
Also  Hermetically  Glass-Sealed  Resistors.  I 


High  Current  TAR  SWITCHES 

Compact,  enclosed,  all-ceramic, 
rotary,  non-shorting,  multi-point 
Selector  Switches.  5  Sizes  rated 
at  10,  15,  25,  50  and  100  Am- 
peres  1 50,  300  V.A.C.  As  few 
os  2  or  as  many  as  12  taps. 
Sizes  from  1  to  6'  Diameter. 
Single  or  Tandem  units.  Also  Open 
Type  Tap  Switches  in  “shorting” 
(commutator)  and  “non-shorting“ 
units.  In  Stock  or  Made-to-Order. 


Send  for  Catalog  and 
Engineering  Manual  No.  40 

Write  on  company  letterhead 
for  valuable,  helpful  guide  in 
the  selection  and  application  of 
rheostats,  resistors,  tap  switches, 
chokes  and  attenuators. 
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VHF  RECEIVER 


(continued) 


frequency  increments,  at  the  same 
time  increasing  the  input  level  to  the 
value  required  to  maintain  the  ini¬ 
tial  output  voltage.  At  each  point, 
the  calibrated  communication  re¬ 
ceiver  is  tuned  to  the  intermediate 
frequency.  The  difference  between 
any  reading  of  the  calibrated  re¬ 
ceiver  and  its  initial  tuning  is  equal 
to  the  difference  between  the  corres¬ 
ponding  and  original  signal  gener¬ 
ator  frequency.  This  procedure  is 
carried  out  above  and  below  the  re¬ 
ceiver's  resonant  frequency  as  far  as 
desired.  The  selectivity  characteris¬ 
tic  can  then  be  plotted  in  terms  of 
decibels  below  maximum  response  as 
shown  in  Fig.  2. 

Calibrating  a  Signal  Generator 

When  the  local  oscillator  in  the 
receiver  under  test  is  crystal  con¬ 
trolled,  as  found  in  spot-frequency 
receivers,  then  by  knowing  the  inter- 


Fig.  2 — Selectiyity  of  Thf  rocelrer 
measured  between  i-f  stages  by  cali¬ 
brated  low-irequency  receiver 

mediate  frequency  at  any  tin#,  the 
signal  generator  frequency  can  be 
calculated.  This  method  can  also  be 
used  to  advantage  in  checking  signal 
generator  frequency  calibration  and 
thermal  drift. 

It  should  Be  noted  that  the  above 
procedure  assumes  that  the  receiver 
local  oscillator  will  not  change  in  fre¬ 
quency  during  the  test.  For  practical 
purposes  this  is  probably  a  reason¬ 
able  assumption  and  certainly  true 
if  the  local  oscillator  is  crystal  con¬ 
trolled.  Any  oscillator  drift  is  easily 


Series  58  rheostats  and  potenti¬ 
ometers,  available  in  single,  dual 
and  triple  section  units  (as  here 
shown).  Available  with  attached 
power  switch. 

★ 

Series  42  multiple-unit  wire- 
wound  controls,  available  in  as¬ 
semblies  from  2  to  18  sections  in 
tandem  and  operated  by  a  sin¬ 
gle  shaft. 

★ 

Series  43  midget  wire-wound 
controls  in  single,  dual  and 
triple  section  units.  Available 
with  attached  power  switch. 

★ 

Series  MH  or  the  famous  "Hum¬ 
dinger"  extra-compact  rheostat 
or  potentiometer.  Wire  winding 
held  in  grooved  fibre  base. 
Body  only  9/32"  deep. 

★ 

Widest  selection  of  resistance 
values,  taps,  tapers,  terminals, 
•hafts,  eta 


'A'  You  can  entrust  your  wire- wound  control 
problems  to  Clarostat,  with  complete  confi¬ 
dence,  because:  (1)  Clarostat  has  wire-winding 
experience  second  to  none  in  the  industry; 
(2)  Clarostat  has  outstanding  winding  equip¬ 
ment  designed,  developed  and  built  by  its 
own  engineers;  (3)  Clarostat  spent  two  dec¬ 
ades  perfecting  wire-wound  rheostats  and  po¬ 
tentiometers;  (4)  Above  all,  Clarostat  has  an 
enviable  reputation  to  maintain.  Therefore, 
try  Clarostat  with  those  wire-wound  control 
problems  or  requirements. 

Write  for  CATALOG  ..  . 
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THE  BLACK  HAHD  NEVER  SLEEPS 


LUMARITH*  (cellulose  acetate)  protects  electrical  equipment 
against  the  black  hand  of  electro-chemical  corrosion 

Unless  insulation  is  inert  to  electrolytic  and  forms,  laminates  and  wire  wraps, 

action,  current -carrying  copper  wire  spool  liners,  slot  insulation  and  spacers, 

and  moisture  can  spell  corrosion  troubles  Lumarith  gives  full  protection  to  even  the 
for  electrical  equipment.  That  is  why  it  most  delicate  electrical  equipment.  Send 
is  so  important  to  play  safe  and  insulate  for  recently  published  booklet,  “Celanese 
with  Lumarith  (cellulose  acetate)  film.  Synthetics  for  the  Electrical  Industry.’* 
Lumarith  is  chemically  stable  in  the  pres-  Contains  the  technical  information  you 
ence  of  moisture  and  current  —  releases  no  will  need.  Celanese  Plastics  Corporation,  a 
corrosion-producing  acids.  division  of  Celanese  Corporation  of  America, 

Used  as  inner  layer  insulation,  coil  covers  180  Madison  Avenue,  New  York  16,  N.  Y. 

•turn.  O.  S.  PM.  Off. 
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PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


VHF  RECEIVER 


The  Difference  Between 
"IVe  Think  So"  and 
"We  KNOW  So" 


measured,  however,  with  the  cali¬ 
brated  and  comparatively  low  fre¬ 
quency  receiver  by  beating  a  har¬ 
monic  of  its  local  oscillator  with  the 
high  frequency  oscillator  fundamen¬ 
tal  and  multiplying  receiver  tuning 
by  the  order  of  the  harmonic  used.  It 
is  not  necessary  to  have  any  fre¬ 
quency  calibration  of  the  signal  gen¬ 
erator  except  insofar  as  this  informa¬ 
tion  may  be  needed  for  correcting 
attenuator  settings.  If  the  local  oscil¬ 
lator  frequency  is  known  or  can  be 
accurately  measured,  that  value  and 
the  intermediate  frequency  measured 
with  the  calibrated  receiver  will  give 
the  signal  generator  frequency. 

An  error  in  absolute  value  of  fre¬ 
quency  can  be  introduced  when  the 
auxiliary  receiver  is  tuned  to  zero 
beat.  The  reason  for  this  is  that  the 
beat  frequency  oscillator  in  the  cali¬ 
brated  receiver  may  be  tuned  three 
or  four  kilocycles  from  the  resonant 
frequency  of  the  i-f  amplifier.  How¬ 
ever,  this  difference  is  usually  negli¬ 
gible  at  very  high  frequencies.  When 
an  available  calibrated  receiver  will 
not  tune  to  the  intermediate  fre¬ 
quency  of  the  receiver  under  test,  it 
may  still  be  used  by  tuning  so  that  a 
harmonic  of  its  local  oscillator  beats 
with  the  i-f  signal.  All  receiver  fre¬ 
quency  difference  readings  would 
then  be  multiplied  by  the  order  of 
the  harmonic  being  used. 


...ore  Engineered  for  Application  in 
this  Stalactite  Acoustical  Chamber 


Improved  Capacitors 

Capacitors  have  been  improved  by 
using  polystyrene  dielectric  or  by 
adding  stabilizing  compounds  to  im- 
pregnants.  In  a  paper  presented  be¬ 
fore  the  April  meeting  of  the  Ameri¬ 
can  Chemical  Society,  D.  A.  McLean, 
L.  Egerton,  and  C.  C.  Houtz,  all  of 
Bell  Telephone  Laboratories,  re¬ 
ported  an  increase  in  life  of  100 
times  for  paper  capacitors  the 
chlorinated  impregnants  of  which 
had  been  stabilized  by  the  addition 
of  such  compounds  as  anthraquinone, 
which  is  used  in  manufacture  of 
dyes.  Addition  of  sulfur  reduced 
electrical  losses  at  high  temperatures 
of  capacitors  that  had  tin-foil  elec¬ 
trodes  and  chlorinated  impregnants 
by  forming  a  thin  sulfide  film  be¬ 
tween  electrode  and  dielectric,  pre¬ 
venting  deteriorating  interaction  be¬ 
tween  the  two. 

Decreased  dielectric  absorption 


In  this  completely  soundproof  room,  asymmetrical  walls  and  carefully  designed  moss- 
interval  baffles  effectively  reduce  troublesome  resonant  harmonics  and  reflected  sound 
to  an  insignificant  value.  Response  curves  are  plotted  vdiich  represent  true  perform¬ 
ances  so  that  Permoflux  engineers  can  say  "We  Know  So."  Its  use  at  Permoflux  is 
charocteristic  of  the  many  factors  which  moke  it  possible  to  substantiate  the  fact  that 
Permoflux  Speakers  provide  the  finest  possible  sound  reproduction. 


PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  lU. 
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INSIST 
ON  PROOF 
BY  TRIAL 

before  you  buy  an 
Electronic  Heater 


This  is  how  Scientific  Electric  proved  the  value 


of  electronic  heating  to  the  Progressive  Weld 


ing  Company  of  Norwalk,  Connecticut 


BEAT  improvements  in  product  quality  and  remark 


able  savings  in  time  and  money  arc  being  achieved 


by  means  of  electronic  heating.  Industrialists  every 


^'here  are  now  acclaiming  its  many  advantages.  But 


donH  let  your  enthusiasm  lead  you  to  invest  in  an  elec 


Ironic  heater  before  you  have  seen  it  perform  the  work 


you  expect  of  it. 


Another  important  point  is  this  ...  in  order  to  work 
at  maximum  efficiency  and  live  up  to  its  reputation  for 
doing  things  better,  faster  and  cheaper.  .  .  .  electronic 
heating  must  be  ^^tailored^'  to  the  job.  That  is  why  we 
never  sell  a  Scientific  Electric  unit  until  it  has  been  satis¬ 
factorily  demonstrated.  Regardless  of  the  amount  of 
time  and  effort  required,  our  engineers  will  not  release 
a  single  machine  for  sale  until  it  has  fulfilled  every  claim 
we  make  for  it. 

So  here  is  a  word  of  counsel  •  •  •  get  plenty  of  advice 
before  you  buy.  Consult  with  our  recognized  engineers 
who  have  pioneered  in  electronic  heating  since  1921 
and,  without  obligation,  they  will  demonstrate  what 
electronic  heating  can  do  for  you. 


Si 


DivUion  of 

"S”  CORRUGATED  QUENCHED  GAP  COMPANY 

09  MONROE  ST.  GARFIELD,  N.  J. 

Manufacturers  of 

Vacuum  Tube  ond  Spark  Gap  Converters  Since  1921 


Above:  This  practical,  automatic  brazing  turn¬ 
table  povrered  by  a  40  KW.  Scientific  Electric 
heater  speeded  up  production  700%— cut  costs 
87%  and  reduced  rejects  by  90%. 

Left:  Close-up  of  the  finished  two-piece  tube  as¬ 
sembly  after  being  brazed  by  induction  heating. 
Three  complete  brazing  installations  have  been 
built  for  Progressive. 


Write  for  a  free  copy  of 


our  handbook 


ABC  of  E/eefrorue  Heat¬ 


ing  which  contains  ai< 
easily  understood  expla¬ 
nation  of  this  new  heat¬ 
ing  method. 


40  KW  INDUCTION 
HEATER 


Scientific  Electric  Elec¬ 
tronic  Heaters  are  made 
in  these  power  sizes... 
and  a  range  of  frequen¬ 
cies  up  to  300  Mega- 
cydes  depending  upon 
power  requirements. 


3KW 
5KW 
7'/2  KW 
8KW 
10  KW 


18  KW 
25  KW- 
40  KW 
60  KW 
80  KW 


I2V2KW  100  KW 
15  KW  250  KW 
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Complete  and  accurate  information  on 
relays  and  electrical  timing  devices 


Twenty-four  pages  of  useful,  well  illustratecJ,  practical  in¬ 
formation  presented  clearly,  with  full  data  on  applications, 
selection  and  capacities  complete  with  each  model.  This 
catalog  will  provide  you  with  a  ready  source  of  valuable 
information  for  aid  in  solving  your  relay  and  timer  problems. 
It  is  a  book  you  will  enjoy  using  because  it's  well  arranged 
with  comprehensive  data  and  illustrations. 

POTTER  &  BRUMFIELD  SALES  COMPANY 
Chicago  6,  Illinois 

Export:  2020  ENGINEERING  BLDGi,  CHICAGO  6,U.S.A. 

•  FACTORY  AT  PRINCETON,  INDIANA 


POTTIR  Jk  BRUMFIILD  SALIS  COMPANY 

549  WIST  WASHINGTON  BLVD..  CHICAGO  6,  ILL. 

Pimaf  fnd  mm  a  copy  of  your  mow  catalog. 

Name _ ^TiHe. 

Company _ — - 

Addrmss _ — - 

City _ —State - 


CAPACITORS  (continued) 

over  that  of  mica-insulated  capaci¬ 
tors  is  obtained  by  using  polysty¬ 
rene.  Although  the  temperature 
coefficient  of  polystyrene  is  inferior 
to  that  of  mica,  it  is  a  better  insu¬ 
lator.  Where  time  constant  of  the 
capacitor  circuit  must  remain  fixed, 
resistances  with  a  temperature  coef¬ 
ficient  of  opposite  sign  can  be  used. 
The  smaller  dissipation  of  these  ca¬ 
pacitors  suggests  their  use  for 
filters  in  carrier  systems.  Charac¬ 
teristics  and  construction  of  poly¬ 
styrene  dielectric  capacitors  are  de¬ 
scribed  in  the  March  issue  of  Bell 
Laboratories  Record  by  J.  R.  Weeks. 

•  •  • 

Cooling  Photosensitive  Cells 

By  Eugene  F.  Coleman 

JlillUvr  K»fiiiivrri»ii  Co. 

New  York,  .V.  Y. 

Photoemissive  and  photoconductive 
cells,  used  increasingly  in  .scientific 
and  engineering  applications,  are  op¬ 
erated  at  drastically  reduced  tem¬ 
peratures  for  increased  sensitivity 
and  lowered  internal  noise  and  dark- 
current.  Convenient  refrigerants  are 
dry  ice  (—78  C)  and  liquid  air 
(  —  183  C),  at  which  temperatures  the 
illumination  threshold,  or  lowe.st  il¬ 
lumination  level  at  which  useful  elec¬ 
trical  output  signal  can  be  derived 
from  the  cells,  is  depressed  by  typical 
amounts  of  15  db  and  more. 

Dark-Current 

An  early  application  of  cooled  pho¬ 
toemissive  cells  was  to  stellar  pho¬ 
tometry.  Even  when  augmented  by 
the  light-gathering  power  of  an  as¬ 
tronomical  telescope,  the  photoelec¬ 
tric  current  generated  by  the  light 
of  a  faint  star  is  so  small  that  it 
would  be  obscured  by  dark-current 
and  shot  effect  if  usual  techniques 
were  used.  Dark-current  in  a  vac¬ 
uum  photoemissive  cell  is  largely  a 
matter  of  thermionic  emission:  The 
photocathode  is  an  excellent  ther¬ 
mionic  emitter,  and  even  at  normal 
room  temperatures  shows  some  trace 
of  this  behavior  despite  the  steep 
drop  of  the  emission-temperature 
curve.  By  pushing  the  operating  point 
still  lower  on  this  curve,  through  ar¬ 
tificial  cooling,  difficulties  due  to 
dark-current  can  usually  be  reduced 
to  a  point  of  unimportance  compared 
with  other  disturbances. 

Photoconductive  cells,  the  proto- 
'  type  of  which  was  the  selenium  cell, 


220 


June  1946  —  ELECTRONICS 


! 

\ 

I 


m 

A 

1 

A 

1^' 

1 

your  Signpost  in  the  sky 

For  the  private  pilot  who  wants  the  last  word  in  complete  air-ground  radio, 
ARC  now  offers  equipment  built  to  exacting  Army-Navy  standards.  Featuring 
designs  tested  through  millions  of  hours  of  wartime  operation,  the  ARC  Type  1 1 
Aircraft  Communication  System  provides  top  quality  performance  under  condi¬ 
tions  of  vibration,  moisture,  changes  in  altitude  and  temperature,  and  shocks 
from  rough  landings. 

The  Type  11  System  combines  a  wide  band  (ISH)  to  550  KC)  LF  Range  Re¬ 
ceiver  and  a  VHF  Transmitter  with  provision  for  5-channel  operation  at  the  turn 
of  a  switch.  The  small  separate  control  unit  is  located.for  convenience  of  opera¬ 
tion  and  the  major  units  remotely  mounted.  This  avoids  disturbance  of  normal 
weight  and  balance  of  the  airplane  and  usually  permits  a  short  antenna  lead-in. 
The  complete  antenna  system  consists  of  a  single  vertical  rod  22  inches  long  and 
is  furnished  with  the  Type  11  System. 

This  compact  ARC  equipment  is  based  on  more  than  18  years  of  design  and 
development  in  the  field  of  airborne  radio  and  is  a  quality  instrument  for  the 
operator  who  requires  the  basic  essentials  in  aircraft  communication  and  naviga¬ 
tion  facilities.  Remember,  when  selecting  the  radio  for  your  airplane,  nothing 
but  the  best  is  good  enough— specify  ARC.  For  descriptive  information  and 
prices,  write  Aircraft  Radio  Corporation,  Boonton,  New  Jersey. 


ARC  ADVANTAGU 
!  Light  W«tght  —  Lett  than  15  1 
pounds  for  tho  ontire  Typ«  II  I 
Systom  installod. 

Roliablo  Rocpptiort  •  Unusual  ! 
sonsitivity  ^and  soloctivity  plus  : 
rugged  construction.  Noise-  | 
limiting  circuitry  insures  clarity  ’ 
of  reception  and  makes  shielding 
unnecessary  in  some  airplanes. 

!  VHF  Transmission— Crystal-con- 

I  trolled  on  2  present  channels,  l 

I  with  provision  for  5-channel  I 

}  operation  to  cover  additional  ; 

\  frequencies  when  allocated. 

I  A  Complota  Installation  —  The  ; 

Type  1 1  System  is  available  com- 
I  plete  with  ontenno,  crystals,  j 
;  tubes,  cables,  microphone  and  | 
headset  —  no  extras  to  buy. 
AVAILABU  FOR  OfUVFRY 
JULY  1,  1946 


Aircraft  Rabio 


Corporation 

BOONTON,  NEW  JERSEY 
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Facts  You  Should  Know  About 
C.fn.H.  Stainless  Steel  Bellows 


TF  you  plan  to  use  bellows  for 
vacuum  equipment,  instru¬ 
ments,  rotating  shaft  seals,  or  for 
other  similar  purposes  in  the 
electronic  field,  here  are  some  es¬ 
sential  features  of  C.  M.  H.  Stain¬ 
less  Steel  BELLOWS: 

1*  Corrmsioii  nsistmat  qvofMot  of  itaioloii 
$tool  •nabi*  widor  application  of 
C.M.H.  BELLOWS. 

2*  Htgh  amd  low  tomporotvrot  do  not  offad 
th«  opofoting  afficioncy. 

2*  Mullipio  ply  eomgfroctloo  glvas  avan 
grootor  strongth  factors  whon  noodcd. 

4*  Forroos  flnimgt,  attochod  by  Circular 
Soom  Woldlng,  ostura  pormonant,  loolc- 
proof  loints. 

5*  Urn  iwofo/  onsmbfas  avoid  th*  costly 
frouMot  ancoantarod  wboro  bl  mdol 
lypM  aro  vtod. 


6*  Long  loogttiM  aro  ttoodard  productiom  por- 
mitting  •conomical  us*  of  C.M.H. 
Stoinloss  Stool  BELLOWS  for  many  un¬ 
usual  typos  of  applications. 

2.  Bottor  dolivory  tchodulo*  aro  possiblo 
bocauso  C.M.H.  BELLOWS  or#  standard 
production  products. 

For  complete  information  about 
C.M.H.  Stainless  Steel  BELLOWS 
and  about  the  many  types  of  Flex¬ 
ible  Metal  Hose  in  the  complete 
C*M.H.  line,  write  us  today. 


RtsMa  Metal  Hose  for  Evtiif  ladwtrioi  Use 


I  I 

rCHICnOO  mETRLHOSG  CORPORSTION 

I  I  I  I  I  mflVUIOOD.  ILLINOIS 


have  more  recently  acquired  impor¬ 
tance  in  improved  versions  such  as 
the  Thalofide  and  the  lead  sulfide 
cells.  Most  cells  of  this  class  show 
marked  improvement  in  their  per¬ 
formance  at  the  lowest  light-input 
levels  when  cooled.  Absolute  sensi¬ 
tivity  increases  (a  factor  of  100  was 
reported  for  one  cell),  and  at  the 
same  time  absolute  internal  noise 
level  drops,  leading  to  a  very  sub¬ 
stantial  improvement  in  illumina¬ 
tion  threshold.  These  effects  of  cool¬ 
ing,  and  similar  effects  on  the  heat- 
operated  class  of  radiation-sensitive 
cells  were  discussed  at  the  March 
meeting  of  the  Optical  Society  of 
America  in  Cleveland.  (Ed.  Note; 
See  following  this  discussion.) 

Moisture  Condensation 

When  a  photosensitive  cell  is 
cooled,  moisture  condensation  is  a 
common  source  of  trouble  since, 
whether  it  occurs  on  the  forward 
face  of  the  cell  itself  or  on  a  window 
placed  ahead  of  it,  the  condensate 
can  cause  scattering  and  loss  of  ra¬ 
diation.  The  usual  scheme  for  keep¬ 
ing  windows  clear  consists  of  blow¬ 
ing  warm  dry  air  on  the  surface  at 
w'hich  the  condensation  takes  place. 
This  method  requires  auxiliary 
equipment. 

In  a  small  portable  optical  instru- 


SPONGE-RUBSeR 

PMOTDCONDOCnvE  W^-ICE  uoun^, 

rgi  I  ^  CHARGING  HOLE  COUNTING 


SLOTTED 

LEATICR 

GASKET 


THERMAL  INSULATION 


ASSEMBLY^ 


mflVUIOOD,  ILLINOIS 

PkintBS  Moywood  cmd  Dgln,  M. 


Fig.  1 — Carbon  dioxide  gas  escaping 
through  radicd  slots  in  leather  gasket 
prevents  moisture  from  condensing  on 
outside  surface  of  cell  window 

ment  developed  by  the  author,  which 
used  a  photoconductive  cell  cooled 
by  dry  ice,  the  standard  method  for 
preventing  condensation  was  im¬ 
practicable  because  the  window,  con¬ 
sisting  of  the  front  wall  of  the  cell 
itself,  carried  the  photoconductive 
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Varnis 
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THE  NEW 


‘Te^^cb^t 

Tensile  Strength  .„.3000  P.S.I. 
Dielectric  Strength  C-O^O'’ 

wall)  Wet_  .__ . 1000  VPM 

Dry _ 1000  VPM 

Life  at  105*  C . 2000  Hrs. 

Chemical  Resistance  (room 
temperature) 

50*^  Sulfuric  Acid  and 

30%  Sodium  Hydroxide _ 

Unaffected 
Does  not  support  combustion 
Low  Temperature  Flexibility 
LV.L  Pinch  test  _.-40*C 

Bell  test . — 30*C. 

Heat  Endurance  (.166*  ID 
tubing,  .016*  wall)  ASTM- 
D350-43T);  7  days  @ 
125*C.  — No  crack  when 
bent  180®  around  man¬ 
drel— Retains  flexibility 
when  varnished  and  baked 
22  hours  at  260*F.  —  No 
flow  or  drip  during  8  hours 
M  300®  F. 


% 


This  Irvington  formulation  provides 
^  new  advantages,  new  cost-saving  fea- 

Of  A  tures,  for  many  plastic  tubing  applications. 

For  example:  Transformer  leads  of  #5373 
remain  flexible  even  after  varnishing  and  baking  .  .  .  Under¬ 
writers’  Laboratories  approved  #5373  insulation  on  applica¬ 
tions  involving  continuous  operating  temperatures  up  to  75 
deg.  C.  and  intermittent  temperatures  as  high  as  85  deg.  C. 
In  addition,  #5373  possesses  the  excellent  electrical,  mechani¬ 
cal  and  chemical  properties  which  distinguish  all  Fibron 
tubings. 

Tubings  of  Fibron  #5373  are  available  in  all  standard 
colors  and  sizes,  and  in  heavy  wall  thicknesses— in  36"  lengths, 
continuous  coils,  or  cut  pieces.  For  full  details  and  generous 
samples,  write  Dept.  106, Irvington  Varnish  and  Insulator  C!o., 
Irvington  1 1,  New  Jersey. 


ttnti 

IRVINOTON  11,  NEW  JERSEY,  U.S.A. 
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PHOTOCELLS  (continued) 

layer  on  its  inside  surface  and  there¬ 
fore  could  not  be  warmed. 

A  scheme  was  devised  which  effec¬ 
tively  prevented  moisture  condensa¬ 
tion,  and  also  assured  maximum  cool¬ 
ing  of  the  sensitive  layer.  It  is 
shown  in  Fig.  1.  The  cell  was 
mounted  in  a  small  thermally  in¬ 
sulated  sheet-metal  box,  with  a  resi¬ 
lient  backing  of  sponge  rubber  press¬ 
ing  the  cell  gently  forward  against  : 
hole  in  the  front  of  the  box.  The  ho  t 
was  edged  with  a  thin  leather  gaskel. 
against  which  the  front  wall  of  th 
cell  seated  snugly. 

After  the  gasket  was  cemented  lo 
the  edge  of  the  hole,  a  number 
radial  V-shaped  grooves  were  cut 
in  it.  These  grooves  provided  a 
leakage  path  out  of  the  box  for  the 
carbon  dioxide  generated  by  the  in¬ 
ternal  cooling  charge  of  dry  ice,  an'’, 
all  other  /ilternative  leakage  paths 
were  blocked  by  sealing.  Thus  the 
exposed  front  surface  of  the  cell 
was  kept  cooled  and  protected  fron 
atmospheric  moisture  by  a  constantly 
maintained  layer  of  dry  cold  carbon 
dioxide. 

The  required  volume  of  flowing 
gas  is  slight,  since  it  needs  to  be 
only  enough  to  make  up  diffusion  anr 
convection  losses  from  the  immediaie 
region  of  the  window.  It  can  hr 
further  reduced,  especially  if  tlu 
equipment  is  exposed  to  wind  or 
drafts,  by  attaching  an  open-ended 
length  of  tubing  to  the  box  sur¬ 
rounding  the  window.  This  tube 
quickly  becomes  filled  with  dry  gas, 
which  slowly  diffuses  into  the  atmos¬ 
phere  from  its  open  end.  When  pro¬ 
vided  with  a  polished  internal  sur¬ 
face  (such  a  tube  is  often  required 
for  optical  purposes)  and  with  the 
present  gas-leak  scheme  in  action  r  > 
condensation  can  occur  on  the  p(’ 
ished  surface  even  though  the  tu’  j 
may.be  very  cold. 


PRESSOfTTFI 

CAPACITORS 


fixto  AND  VARIABli 


JOHNSON  PRESSURIZED  CAPACITORS  FEATURE  —  LOW  POWER 
FACTOR.  HIGH  KVA  RATINGS.  SMALL  SPACE  REQUIREMENTS.  WIDE 
RANGE  OF  SIZES. 


JOHNSON  designed  and  built  Pressurized  Capacitors  are  available  in  fixed, 
variable  and  fixed-variable  combination  models  with  RMS  voltage  ratings 
up  to  30.000  volts  unmodulated  and  maximum  capacitance  range  of  125  to 
10,000  mmf. 

0 

These  JOHNSON  capacitors  are  ideal  for  handling  circulating  currents  o/ 
high  power  transmitters  and  are  widely  used  in  tank  circuits  and  antenna 
networks,  as  coupling  capacitors  for  shunt  excited  vertical  radiators  and  in 
high  frequency  equipment. 

Built  to  assure  positive  pressure  sealing,  JOHNSON  Pressurized  Capacitors 
in  actual  use,  have  given  trouble-free  service  for  many  years.  They  are 
electrically  and  mechanically  engineered  to  assure  highest  operating  effi¬ 
ciency  and  to  withstand  normal  pressure  with  a  large  factor  of  safety. 

JOHNSON  Pressurized  Capacitors  offer  you  maximum  capacity  with  minimum 
size  and  cost. 

The  famous  JOHNSON  line  includes,  Variable  Capacitors,  Tube 
Sockets,  Variable  and  Fixed  Inductors,  Insulators  and  Radio-Electronic 
Hardware.  Directional  Antenna  Phasing  and  Coupling  Equipment, 

F.  M.  Iso-Coupler,  Tower  Lighting  Chokes  and  Filters,  F.  M.  and 
A.  M.  Coaxial  Lines  and  Accessories,  Open-Wire  Transmission  Line 
Supports,  R.  F.  Contactors  and  Switches. 

Write  Dept.  D  for  Data  Sheet  2P  Describing  JOHNSON 
Pressurized  Capacitors.  f 


Detection  of  Heat 

Thermal  radiation  detection  wa' 
described  recently  at  the  Clevelani' 
meeting  of  the  Optical  Society  of 
America,  March  7-9.  Tw'o  new  types 
of  bolometers  were  described.  One. 
made  of  Thermistor  materials  and 
developed  at  Bell  Telephone  Labora¬ 
tories  under  Dr.  J.  A.  Becker,  con¬ 
sists  of  thin  flakes  of  mixtures  of 
n-ickel,  manganese,  and  cobalt  oxides 
(semiconductors)  ranging  from  0.1 
to  1.0  millimeter  wide,  1.0  to  5.0 


E.  F.  JOHNSON  CO.  •  WASECA  •  MINNESOTA 
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SYMBOL  OF  FIDELITY... 


Fidelity  to  the  world's  most  critical  employer  .  .  .  the  international  press  .  .  .  Fidelity  to  the 
task  of  engineering,  developing  and  fabricating  communication  equipment  and  systems  to  stand 
the  gaff  of  delivering  tens  of  thousands  of  words  of  vital,  high  speed,  radio  communications 
traffic  each  day  as  demanded  by  the  press  of  the  world. 

Back  of  this  Press  Wireless  Symbol  of  Fidelity  is  an  organization  of  men  who  for  years  have 
been  charged  with  the  responsibility  of  planning,  installing  and  operating  the  vast  array  of 
equipment  which  makes  up  the  Press  Wireless  international  radio  press  circuits. 

The  communication  equipment,  designed  and  fabricated  to  serve  the  international  press,  is 
now  available  to  all  who  require  dependable  radio  communication  equipment  and  systems. 


ESS  WIRELESS  MANUFACTVRiiC 


:OtPOtATtON 
Executive  Offices;  38-01  35th  AVENUE,  LONG  ISLAND  CITY  1,  HEW  YOtK 
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What  goes  on  beyond  8000 
cycles?  Do  you  know ...  or  do 
you  “suppose’^  and  “hope”? 
No  more  of  that !  Now  you  can 
monitor  your  full  FM  range, 
clear  through  15,000  cycles. 
The  Altec  Lansing  Duplex  Is 
available  for  immediate  de¬ 
livery.  See  your  dealer,  or 
write  to  us. 


file  altec  lansing  model  604 
duplex  loudspeaker  system 

Both  high  and  low  frequency  units 
are  combined  in  one  hom,  repro¬ 
ducing  the  entire  FM  range,  from 
50  to  15,000  cycles,  without  inter¬ 
modulation  effects  or  distortion. 
In  actual  performance  the  Altec 
Lansing  Loudspeaker  System  de¬ 
livers  up  to  500%  g^reater  effici¬ 
ency  in  monitoring,  radio,  public 
address  and  recording. 


BOLOMETERS  (continued) 

millimeters  long,  and  0.01  to  0.02 
millimeters  thick  and  has  high  sensi¬ 
tivity.  The  smaller  ones  have  a  re¬ 
sponse  time  constant  of  approxi¬ 
mately  three  milliseconds.  They  can 
be  produced  in  quantity. 

Another  form  of  bolometer,  de¬ 
veloped  at  Johns  Hopkins  University 
under  direction  of  Professor  An¬ 
drews,  is  made  of  columbium  nitrate 
and  operates  close  to  this  material’s 
transition  to  the  super-conducting 
state;  that  is,  near  15  degrees  ab¬ 
solute.  This  bolometer  is  mounted  in 
a  vacuum  chamber  in  a  cryostat  con¬ 
taining  liquid  nitrogen  and  liquid 
hydrogen. 

A  highly  sensitive  and  stable 
photo-conductive  cell  of  thallous  sul¬ 
fide  developed  by  R.  J.  Cashman  of 
Northwestern  University  has  its 
maximum  response  in  the  near  in¬ 
frared.  This  cell  can  be  produced  in 
quantity.  Professor  Cashman  also 
developed  a  lead  sulfide  photoconduc- 
tive  cell  that  records  signals  varying 
in  intensity  at  frequencies  in  the 
audible  range  without  loss  of  sensi¬ 
tivity. 

These  improvements  in  radiom¬ 
eters,  made  under  auspices  of  NDRC, 
have  increased  sensitivity  of  meters 
by  more  than  an  order  of  magnitude 
with  comparable  increase  in  speed 
of  response.  The  new  meters  are 
sufficiently  rugged  to  be  portable  and 
to  operate  under  vibration  and  ex¬ 
tremes  of  temperature. 


SUPREME 

TESTING  INSTRUMENTS 


AFTER  A  GREAT 

WAR  RECORD 


SUPREME 

MODEL  504-A 

TUBE  AND  SET  TESTER 

SUPREME  regrets  that  war 
necessitated  an  interruption 
of  service  to  its  customers 
and  friends.  We  are  genu¬ 
inely  glad  to  get  back  into 
peacetime  production — pro¬ 
duction  for  YOU. 


Pulse  Communication 

Patented  July  10,  1945,  Xo.  2,379,899 
Patented  July  10,  1945,  No.  2,379,900 

By  Clarence  W.  Hansell 

Radio  Corp.  of  America 

Relative  timing  between  pairs  of 
pulses  in  this  system  is  varied  in  ac¬ 
cordance  with  the  modulating  signal, 
as  illustrated  in  Fig.  1.  The  tech- 


JL 
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TRANSMITTED  PULSES' 

'ii _ ru 


LSES'  FOR 
MOeXJ^T) 


4. 

I  / 


CONOmON  OF  NO 
moN  i 

I  ! 


R 


TRANSMITTED  PULSES  I  FOR  PEAK  POSITIVE 
MODULATION  i 

J!ji _ fi_ 


Jl 


TRANSMITTEO  PULSES  FOR  PEAK  NEGATIVe 
MODULATION 


Fig.  1 — ^Modulation  ccnisoi  poirs  of 
pulses  to  move  closer  together  or  further 
opoxt 


MANY  SUPREME  INSTRUMENTS 
NDW  AVAILABLE 

—But  not  enough  to  take 
care  of  all  orders  at  one 
time.  Demand  for  accurate, 
dependable  SUPREMEequip- 
ment  is  such  that  we  suggest 
you  make  arrangements  for 
your  needed  new  SUPREME 
models  without  delay. 


SEE  YDUR  NEAREST  SUPREME 
JDBBER  NDW! 


SUPREME 


SUPREME  INSTRUMENTS  CORP. 
GREENWOOD,  MISS. 

U.S.A. 

Eiport  D«p«rtm*nt: 

IHE  AMERICAN  STEEL  EXPORT  CO-,  Inc. 
374  M«diton  Av#.,  Nsw  York  17,  N.  Y. 
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GENERAL  ELECTRIC  PLASTICS  FACTORIES  ARE  LOCATED  IN 
Ft.  Wayne,  Ind.  Meriden,  Conn.  Scranton,  Pa. 

Taunton,  Mass.  Lyr«*’f  Mass.  Pittsfield,  Mass 


A  high-freqiMncy  booster  coil  movnfod  in  on 
induction  hooter  which  hoot  treots  metal.  The 
end  ond  bock  pkrtes  of  this  coil  ore  fobricoted 
from  6-E  Textelite  1848.  This  grade  is  used  for 
general  mechonkol  uses — hos  excellent  re> 
sistance  to  weor — is  fohrly  good  electricolly, 
ond  punches  ond  mochines  excellently.  Is  used 
for  ponels*  bus  bor  supports*  motor  slot 
wedges,  etc. 


ELECTRIC 


GENERAL 


HOW  e-E  LAMINATED  PLASTICS  CAN 
HELP  IMPROVE  YOUR  PRODUCTS 


O  Regardless  your 

product  may  be — whether  a 

purely  electrical,  mechanical,  ther* 
mal,  or  chemical  nature — or  even 
a  combination  of  all  these  elements 
....  the  chances  are  good  that  after  you  have  investigated  the  many 
grades  of  G-E  Textolite  you  will  find  one  that  exactly  fills  your  re¬ 
quirements  ....  one  grade  that  will  do  your  job  better  than  the  others. 

That’s  why  G-E  Textolite  grade  1848  was  selected  for  the 
end  and  back  plates  of  this  water-cooled  booster  coil  for  an  in¬ 
duction  heater.  This  grade  is  strong  mechanically  and  has  the 
necessary  electrical  and  heat  properties;  consequently,  it  makes  pos¬ 
sible  a  rugged  support  for  the  coil — successfully  withstands  the  heat 
of  the  application,  and  properly  insulates  the  radio  frequencies. 
And  the  ease  with  which  grade  1848  can  be  sawed  to  shape,  adds 
to  the  reasons  why  it  was  chosen  for  the  job. 

With  over  50  grades  of  G-E  Textolite  to  select  from,  each 
having  an  individual  combination  of  properties,  why  not  investigate 
the  possibility  of  incorporating  the  benefits  of  this  versatile  non- 
metallic  material  in  your  products.  Write  to  Section  S-3,  General 
Elearic  Company,  Plastic^  Divisions,  Chemical  Department,  One 
Plastics  Avenue,  Pittsfield,  Mass. 


G-E  TEXTOLITE  IS  SUPPLIED  IN  THE  FOLLOWING  FORMS 

Shuuta,  Tubus  and  tods  Fabricatud  Farts  Moldud  Lamlnotud  Fart* 

Fast-formud  Lomlnotus  Namuplatus  Translwcunt  Lominotus 

Low-pruss«ru  Moldud  Farts 
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SPECIALISTS  IN 
SPECIAL  CRYSTALS 


The  time-tested  Par-Metal 
line  presents  superior  fea¬ 
tures  of  styling,  design,  and 
construction. True  to  policy, 
Par-Metal  continues  to 
specialize  in  Electronic 
Housings  exclusively ...  and 
is  therefore  able  to  offer 
leadership  in  value.  Com¬ 
pare!  Write  for  Catalogue. 


PULSE  PATENT  (continued) 

nique  has  the  advantage  of  provid¬ 
ing  constant  average  pulse  rate.  As 
in  all  pulse  modulation  methods,  it 
also  has  the  advantage  that  high 
peak  powers  can  be  transmitted  and 
that  signal  to  noise  ratio  is  made 
high  by  rendering  the  receiver  in¬ 
sensitive  except  during  short  inter¬ 
vals  when  a  pulse  is  to  be  received. 
Although  noise  will  affect  the  time 
of  occurrence  of  the  beginning  and 
ending  of  the  pulse,  if  the  transmit¬ 
ted  bandwidth,  especially  of  the  re¬ 
ceiver  portion  of  the  network,  is 
wide — as  is  necessary  for  preserva¬ 
tion  of  the  pulse  shape — the  noise 
impulses  will  be  short  and  so  intro¬ 
duce  minimum  time  displacement  of 
the  pulse  edges.  The  need  for  wide 
bandwidth  restricts  pulse  modula¬ 
tion  carrier  frequencies  to  above  30 
megacycles.. 

Modulator 

A  simple  circuit  containing  basic 
elements  of  the  pulse  modulator  for 
the  transmitter  is  shown  in  Fig.  2. 


Fig.  2 — When  conduction  switches  from 
one  tube  to  the  other  a  reactance  in 
the  power  supply  delivers  a  pulse  of 
current  to  the  radio  transmitter 

In  the  unmodulated  condition,  one  or 
the  other  of  the  pulsing  tubes  is  con¬ 
ducting  current  except  for  a  short 
interval  when  conducting  is  switched 
from  one  tube  to  the  other  by  the 
constant  frequency  source.  During 
switching  neither  tube  conducts.  By 
placing  a  large  reactance  in  the  out¬ 
put  of  the  transmitter  power  supply, 
this  moment  of  nonconduction  cause.s 
a  large  current  to  be  delivered  to  the 
radio  transmitter  thereby  providing 
power  for  transmission  of  the  pulse. 
When  modulation  is  applied  the 
period  during  which  one  pulsing  tube 
conducts  is  altered,  but  symmet¬ 
rically,  conduction  ending  as  much 
later  as  it  began  earlier  or  ending 
earlier  by  as  much  as  it  began  later. 
In  other  words,  tube  conduction  is 


o  TOOL  B0XV« 


Molded  Celanese* 
Plastic  Handles 


i 


\ 


RUTO  KIT 

Auto  Kits  (in  two  sizes) 
• . .  contain  small  tools  most 
necessary  for  auto  mainte¬ 
nance.  Phillips  Bits,  Clutch 
Head  Bits,  Flat  Screw  Driv¬ 
ers  and  Tapered  Reamer. 


HOniE  KIT 

Home  Kit  .  .  .  contains  flat 
screw  drivers  (1/16"  and 
wide),  Phillips  screw 
driver,  square  taperecf  ream¬ 
er,  gimlet,  tack  puller  and 
bottle  cap  opener. 


HALlOwELL 


HOLLOW  HANDLES  ^ 
HOLD  INTERCHANGEABLE  UNITS 

The  “Hallowell”  Speed  Tool  Kits  were 
designed  to  simplify  and  improve  the 
equipment  necessary  to  those  who  use  a 
variety  of  hits  or  wrenches.  They  have 
swivel  bit-chucks  for  better  leverage  and 
for  reaching  difficult  places.  The  tools  con¬ 
tained  in  the  ScKket  ^rew  Kits  and  Socket 
Wrench  Kits  (they  each  come  in  two  sizes), 
were  carefully  selected  to  give  the  most 
convenience  to  their  users.  Tool  bits  are 
made  of  high-grade  alloy  steel;  the  handles 
of  famous  durable  Celanese*^  plastic. 

Sockef  Screw  Kit  with  gwivel  head  drive, 

contains  8  tools:  6  hex  bits:  1/16",  5/64", 
3/32",  1/8",  5/32",  3/16";  #1  Phillips;  1  flat 
screw  driver  bit. 

Socket  Screw  Kit  ^50,  with  swivel  head  drive, 
contains  9  tools:  6  hex  bits:  1/8",  5/32",  3/16", 
7/32",  1/4",  5/16";  #2  and  #3  Phiilips;  1  flat 
screw  driver  bit. 

Socket  Wrench  Kit  ^75  contains:  2  (6  point 
hexagon)  sockets  with  openings:  1/4"  and 
5/16",  3  (12  point  hexagon)  sockets  with 
openings:  11/32",  3/8"  and  7/16".  With  1/4" 
square  drive. 

Socket  Wrench  Kit  ^100  contains:  6  (12  point  < 
hexagon)  sockets  with  openings:  3/8",  7/16", 
1/2",  9/16",  5/8",  3/4".  With  3/8"  square 
drive. 

Obtainable  at  Suppliers  throughout  the 
country.  If  your  Supplier  does  not  carry 
these  kits,  send  his  name  to  us,  along  with 
yours,  and  you  will  be  taken  care  of 
promptly. 


*»*t  u  s  Prt.  Oft. 


Mis:  PatMits  hindiac 


OVER  43  YEARS  IN  RUStNESS 


JEnj<intown,  penna.,  box  I 


BRANCHES  BOSTON  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 


Marion  Glass-to-Metal  Truly  Hermetically  Sealed  Electrical 
Indicating  Instruments  ore  100%  guaranteed  for  six  months. 
After  this  period  we  will  replace  any  2 Vi"  or  3 Vi"  type,  rang¬ 
ing  from  200  microamperes  upward,  for  a  flat  fee  of  $1.50, 
regardless  of  whether  the  instrument  has  been  overloaded, 
burned  out,  or  in  any  way  mistreated,  provided  the  seal  has 
not  been  broken.  We  will  replace,  for  a  flat  fee  of  $2.50,  any 
2 Vi"  or  3 Vi"  instrument,  with  sensitivity  greater  than  200 
microamperes,  rmder  similar  circumstances. 

An  important  blanket  guarantee  .  .  . 

For  the  user  of  electrical  indicating  instruments,  this  guarantee 
is  highly  significant.  It  precludes  the  need  for  him  to  maintain 
his  own  repair  department,  and  it  minimizes  the  correspond¬ 
ence  and  red  tope  that  formerly  enmeshed  most  replacement 
transactions.  Moreover,  he  is  assured  of  receiving  his  replace*  ^ 
ment  within  a  reasonably  short  period  at  a  saving  of  consider¬ 
able  time  and  money.  It  is  our  faith  in  the  quality  and  per¬ 
formance  of  Marion  "hermetics"  that  prompts  us  to  make  this 
guarantee  which  is  offered  to  customers  in  all  ports  of  the 
world.  You  can  buy  and  use  them  with  confidence. 


Mmrkm  TnaiyHmrmaiiemUySmmtad 


and  Eiacirieat  Mndicaiing  InBirnmamiB 


Note:  Marion  ''hermetics”  cost  no  more  than  most 
standard  unsealed  instruments— and  they  ore  positively 
interdicmgeable.  Write  tor  the  new  Marion  Catalog. 


(V)  MARION  ELtCIRICAL  INSIROMENT  CO 

^  I  ^  UASCHtS'fP  sfw  hamPSh  IE 


tCCAtAA*  S  t 


S  A  CAIKS  MUtHAKlI 


IN  CANAIA:  TNE  ASTIAl  ElECTIIC  COMPANY.  SCAIIOlO  IINFES,  ONTAIIO 


PULSE  PATENT 


(continued) 


i  symmetrically  length  modulated; 
one  tube  conducting  for  a  shorter 
period  as  the  other  conducts  for  a 
longer  period,  the  total  period  re¬ 
maining  constant.  Differentiating 
action  of  the  reactance  in  the  trans¬ 
mitter  power  supply  converts  this 
change  in  switching  time  into  the 
type  modulation  shown  in  Fig.  1. 

To  recover  the  intelligence  from 
the  pulse  envelope  after  reception 
and  detection,  the  circuit  of  Fig.  3 
is  used.  The  two  tubes  are  in  con¬ 
ventional  blocking  oscillators  cou¬ 
pled  to  one  another  through  their 
common  resistor.  Because  of  this 
coupling  the  two  oscillators  operate 
in  phase  opposition.  Both  circuits 
are  adjusted  to  have  the  same  na¬ 
tural  period  as  the  constant  fre- 


Fig.  3 — Det*ci«d  puls*  miTMlop*  con¬ 
trols  switching  of  blocking  osdllotors 
in  rocoivor  to  reeorer  modulating  signal 

quency  which  controls  the  transmit¬ 
ter  pulsing  tubes.  The  time-modu¬ 
lated  pulse  pairs  synchronize  the 
switching  from  tube  to  tube  thereby 
converting  time  displacement  to 
pulse  length  modulation,  which  is 
filtered  to  recover  the  original  intel¬ 
ligence. 

If  it  is  desired  to  transmit  15,000 
pulses  per  second,  the  constant  fre¬ 
quency  that  controls  the  transmitter 
and  the  natural  frequencies  of  the 
blocking  oscillators  in  the  receiver 
are  7,500  cps.  Under  this  condition 
voice  signals  from  150  to  3,000  cps, 
multiplex-telegraph,  or  facsimile  can 
be  used  for  modulation. 

The  amount  of  energy  fed  from 
the  receiver  to  the  blocking  oscil¬ 
lators  controls  selectivity  of  the 
system.  The  degree  of  coupling  be¬ 
tween  oscillators  determines  sensi¬ 
tivity. 


Wide-band  Amplifiers 

i  Low-frequency  compensation  of 
I  wide  band  amplifiers  was  suggested 
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TEIEFAX-WORID’S  FASTEST, 

MOST  ACCURATE  COMMUNICATIONS 


LOW-FREQUENCY 


by  Lothar  Bruck  and  Otto  Tuxen 
both  of  Berlin,  Germany  (U.S.  pat¬ 
ent  2,289,752,  issued  July  14,  1942.). 
Essentially  the  method  is  to  arrange 
the  phase  shifts  of  the  amplifier 
coupling  network  and  a  feedback 
network  so  that,  over  the  range  to  be 
compensated,  the  circuit  is  regener¬ 
ative.  The  frequency  range  over 
which  regeneration  takes  place  must 
be  sufficiently  narrow  so  that  spuri¬ 
ous  frequencies  generated  by  inter¬ 
modulation  and  harmonic  distortion 
resulting  from  the  increased  non¬ 
linearity  of  the  amplifier  within  the 
range  of  regeneration'  do  not  lie 
within  that  range.  Suggested  cir¬ 
cuits  indicate  that  the  technique  is 
applicable  to  transformer-coupled 
output  stages  to  loudspeakers.  One 
limit  of  the  regenerative  range  is 
controlled  by  the  normal  cutoff  of  the 
amplifier  coupling  networks ;  the 
other  limit  is  controlled  by  the  losses 
within  the  coupling  and  feedback 
networks  despite  the  phase  shift. 
The  technique  is  piore  useful  for 
low-frequency  compensation  than 
for  high-frequency  compensation. 


BY  RADIO  TO  HOMES-Finch  self- 
synchronizing  Telefax  (Facsimile 
Equipment)  enables  broadcasters  to 
transmit  and  homes  to  receive  facsimile 
copies  of  anything  that  can  be  printed 
or  written  on  paper ...  a  complete  Air 
Press  Service  of  news,  photos,  market 
reports,  box  scores,  printed  and  illus¬ 
trated  advertising ...  by  radio!  The 
present  rate  of  speed  is  2760  square 
inches  of  text  matter  per  hour— equal 
to  about  30,000  words.  Reservations 
for  equipment  are  now  being  made... 
make  yours  NOW,  to  be  first  in  your 
territory! 


BY  RADIO  OR  WIRE  TO 
EVERYWHERE.  With  Telefax 
(Finch  Facsimile)  written  or 
printed  messages  can  be  ex¬ 
changed  as  by  some  "instant 
courier"  between  any  two 
points,  mobile  or  fixed,  far  or 
near,  which  can  be  connected 
by  electric  circuits.  The  mes¬ 
sages  as  received  are  exact 
facsimiles  of  the  original— 
complete  in  every  detail  of 
text  or  illustrations,  and  en¬ 
tirely  free  of  errors  in  trans¬ 
mission.  The  rate  of  speed  in 
words  per  minute  far  exceeds 
old-style  telegraphic  printfng, 
and  100%  accuracy  is  assur^ 


Royalty-free  license  to  manufac¬ 
ture  and  market  power-line  carrier 
apparatus  covered  by  patents  of 
American  Telephone  and  Telegraph 
has  been  announced  by  K.  S.  Mc¬ 
Hugh,  vice-president  of  AT  &  T  in 
a  letter  to  W.  C.  Henry,  president  of 
the  United  States  Independent  Tele¬ 
phone  Association.  Purpose  of  this 
licensing  is  to  extend  rural  telephone 
service. 


Midget  Receiver 
Output  Circuit 

Patented  Aug.  £8,  1945,  No.  2,585,857 

By  Winfield  R.  Koch 

Radio  Corp.  of  America 

To  obtain  full  power  from  the 
output^  stage  of  midget  receivers 
where  it  is  not  economical  to  by¬ 
pass  the  cathode  bias  resistor  with 
a  large  capacitor,  positive  feed¬ 
back  from  the  speaker  voice  coil 
can  be  used.  The  circuit,  as  it 
would  be  applied  to  a  pentode  out¬ 
put  stage,  is  shown  in  the  accom¬ 
panying  illustration.  The  cathode 
resistor  is  chosen  to  provide  the 
proper  tube  bias.  Preferably  the 
impedance  of  the  voice  coil  should 
be  chosen  so  that  its  voltage  will 
just  balance  the  signal  loss  in  the 


TELEFAX  (FII4CH  FACSIMILE),  gives  you  a  new,  faster^ 
more  flexible  and  completely  accurate  means  of  communica¬ 
tion,  with  higher  speeds,  greater  economy  and  total  freedom 
from  mistakes  in  transmission.  It  opens  up  rich  new  fields 
for  broadcasting,  will  assuredly  replace  with  better  service 
hitherto  accepted  methods  of  transmitting  intelligence  by 
wire.  Write  for  folder  giving  full  information,  and  list  of 
principal  Finch  patents  covering  all  important  phases  of 
Facsimile.  Finch  Telecommunications,  Inc.,  10  East  40th 
Street,  New  York  16,  N.  Y 


inch  facsimile 
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BH  IXTBA  FLiXIBLE  FIBERBLAS  SLEEVING 


lEW  electrical  insulations  can  double  in  brass  as  heat 
insulations.  Yet  so  effectively  heat  resistant  is  BH  Extra 
Flexible  Fiberglas  Sleeving  that  actual  service  records 
show  it  refuses  to  bum  even  in  direct  contact  with  heat 
units.  The  reason — both  yams  and  impregnation  are 
non-inflammable  t 

A  special  giim  base  and  dye  applied  by  an  exclusive  BH 
process  is  responsible  for  many  more  features.  It  perma¬ 
nently  prevents  fraying,  stiffening  and  abrasive  wear. 
The  sleeving  is  imusually  flexible  and  takes  the  roughest 
handling  without  fraying.  It  does  not  harden  and  crack 
with  age — lasts  indefinitely  without  deterioration.  It  is 
also  non-crystallizing  at  low  temperatures. 

Fiberglas  is  non-absorbent  and  unaffected  by  moisture, 
oil  or  grease — qualities  ideally  suited  to  appliance  manu¬ 
facture  for  instance.  And  it  has  high  dielectric  and  tensile 
strength. 

“Punishment’*  tests  prove  that  BH  Extra  Flexible 
Fiberglas  Sleeving  is  the  most  logical  insulation  for  a  host 
of  tough  jobs.  Why  not  see  for  yourself?  It’s  available  in 
all  standard  colors  and  all  sizes  from  No.  20  to  in- 
dusive-  Write  for  samples  today  and  compare! 


BH  SPECIAL  TREATED  FIBERGLAS  SLEEVING 
UNAFFECTED  BY  HEAT  UP  TO  1200^F! 


This  is  a  high  quality  sleeving  that  will  not  fray  when  cut 
and  withstands  heat  up  to  1 200°F.  Yet  no  saturant  is  used 
in  the  exclusive  BH  process!  Flexible  as  string,  too.  Made 
in  natural  color  only — all  standard  sizes.  Try  it! 
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VOICE 

COIL 


:  MIDGET  RECEIVER 


(continued) 


PRODUCT  DURABIIITT 


Problem :  To  improve  life  and 


Richardson,  for  many 


Positive  voltage  feed-back  from  the 
voice  coil  compensates  for  the  loss  in 
amplifier  gain  due  to  cathode  resistor 


A-F 

AMPLIFIER 


TO 

AUDIO 

SOURCE 


f/4..RlQL\RDSON  COMPAN'i 


service  of  gibs  and  retainer 
plates  on  high  speed  sanders. 
Parts  must  be  able  to  with¬ 
stand  considerable  abuse. 

Solution:  The  problem  was 
solved  by  the  use  of  plastics. 
From  the  big  family  of 
INSUROK  Precision  Plas¬ 
tics,  Richardson  Plasti- 
cians  selected  Laminated 
INSUROK,  grade  CG.  For 
this  material  has  a  high 
natural  graphitic  content 
and  is  especially  suited  for 
parts  subject  to  friction  and 
hard  usage. 


years,  has  been  helping  to 
solve  the  plastics  prob¬ 
lems  of  industry.  Our 
experience  is  at  your 
service.  You  will  find  it 
a  diversified  service,  with 
skilled  plasticians  ready 
to  help  you  mold  or  lami¬ 
nate  whatever  grade  and 
type  of  INSUROK  is 
best  for  your  application. 


cathode  resistor.  If  this  design 
cannot  be  followed  and  the  voice- 
coil  voltage  is  too  high,  a  resistor 
can  be  inserted  in  series  with  the 
voice-coil  circuit. 


Ionosphere  Studies 

.Astronomers  have  known  for  over  a 
decade  that  radio  waves  penetrated 
the  ionosphere.  They  have  measured 
the  intensity  and  frequency  distribu¬ 
tion  of  radio  waves  received  from  the 
sun  and  correlated  these  measure¬ 
ments  with  sun  spot  activity,  and 
have  detected  radio  waves  arriving 
from  the  direction  of  the  Milky  Way. 
Radio  waves  from  the  sun  cause  the 
familiar  hissing  received  during  ion¬ 
ospheric  storms.  (Nature,  Nov.  3, 

1945,  p  534,  letter  from  E.  Appleton, 
abstracted  in  Wireless  World,  Jan. 

1946,  p  26,  abstract  commented  on  in 
Wireless  World,  Mar.  1946,  p  99  in 
letter  from  D.  W.  Heightman.) 


Stabilized  Cavities* 

Cavities  of  microwave  oscillators 
can  be  stabilized  against  frequency 
changes  by  passing  an  electron  beam 
of  variable  density  through  them. 
One  application  of  this  technique, 
described  in  Electronic  Engineering, 
Feb.  1946,  p  61,  consists  of  coupling 
the  cavities  of  two  reflex  klystrons 
by  a  line  so  that  one  cavity  appear. 
as  a  resonant  circuit  in  parallel  with 
the  other  cavity.  One  cavity  is  oper¬ 
ated  as  an  oscillator,  or  r-f  amplifier; 
the  other  is  prevented  from  oscillat¬ 
ing.  The  intensity  of  the  electron 
beam  of  the  non-oscillating  cavity  is 
controlled  to  vary  that  cavity's  reso¬ 
nant  frequency.  If  this  beam  is  con¬ 
trolled  from  the  modulating  signal 
fed  to  the  oscillating  klystron,  f-m 
accompanying  a-m  of  klystrons  can 
be  counteracted. 
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TUNG-SOL  lamp  works.  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  ('.  hicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
^Iso  Manufartiirers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Ream  Headlight  Lamps  and  Current  Intermittors 
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TUNG-SOL 


Flickering  firel>rands  of  burning  fagots,  smoking 
pine  knots  and  j)itch  soaked  moss  lacked  the  con¬ 
venience  and  effectiveness  of  the  modern  flash  light. 
It  took  the  same  tyj)e  of  imagination,  backed  by 
science,  to  deveIo|)  efficient  miniature  mobile  light¬ 
ing  as  it  did  to  develop  miniature  F^lectron  Tubes. 

Due  to  their  inherent  improved  characteristics, 
TUNG-SOL  Miniatures  are  found  in  high  frequency 
circuits  in  which  the  use  of  the  larger  type  tubes 
would  be  impractical.  In  other  circuits  TUNG-SOL 
Miniatures  are  also  more  satisfactoiy.  They  are 
more  rugged  and  more  resistant  to  vibration.  Be¬ 
cause  they  are  smaller,  and  lighter,  TUNG-SOL 


Miniatures  make  possible  the  pro¬ 
duction  of  smaller  and  lighter  equip¬ 
ment.  This  is  the  trend  of  today. 

TUNG-SOL  Engineers  will  be  glad 
to  help  you  interpret  your  tube  re¬ 
quirements  in  terms  of  Miniatures. 

TUNG-SOL  is  a  tube  manufacturer, 
not  a  set  builder.  The  disclosures  of  your  plans 
you  make  in  consultation  will  l>e  held  in  strictest 
confidence. 
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NEW  PRODUCTS 

Latest  developments  in  new  apparatus, 
components,  materials.  New  literature 


Flexible  Coaxial  Line 

Boston  Insulated  Wire  and  Cable 
Co.,  Uphams  Corner  Postal  Station, 
Boston,  Mass.  Filamented  high- 
temperature  dielectric  cables  in  the 
CO-X  line  are  now  available  fabri¬ 
cated*  into  harness,  equipped  with 
end  seals  or  junctions  or  ells  and 
tees  suitable  for  connection  with 
standard  RMA  rigid  coaxial  lines. 
Various  methods  of  terminating  the 
flexible  lines  are  shown  in  the  upper 
part  of  the  illustration.  Most  of 


long,  thin  needle  contacts  imbedded 
in  plastic  handles,  red  or  black.  The 
Model  P  13  consists  of  probe  and 
handle  with  banana  socket;  Model  P 
13K  is  equipped  with  a  5-foot  cord 
with  a  banana  plug  at  each  end. 


Remote  Amplifiers 

Raytheon  Manufacturing  Co.,  60 
East  42nd  St.,  New  York  17,  N.  Y. 
Two  new  remote  amplifiers  are  avail¬ 
able  for  broadcast  use.  Distortion  of 
less  than  11  percent  from  50  to  200 


these  can  be  pressurized.  Junction 
between  rigid  lines  and  the  flexible 
harness  to  antenna  elements  might 
be  effected  by  means  of  the  fittings 
shown  below.  The  largest  cables  are 
tested  to  3,000  watts  at  60  cps  and 
do  not  form  a  carbon  track  on  con¬ 
tinuous  arc-over. 

Another  recent  development  now 
available  is  the  Twin-X  line  of 
weatherproof  shielded-pair  cable 
suitable  for  f-m,  television  and 
amateur  lead-in  service.  Filamented 
construction  of  this  line  keeps  losses 
low. 


program.  The  smaller  unit  has  a 
built-in  power  supply  and  consumes 
a  total  of  48  watts  from  a  110-120 
volt,  60  cps  line.  It  measures 
16Ix9x7i  inches  and  weighs  20 
pounds.  Power  supply  for  the  3-chan¬ 
nel  amplifier  is  in  a  separate  carry¬ 
ing  case  with  a  compartment  for  ac¬ 
cessories.  Power  consumption  is  the 
same  for  both  amplifiers.  The  power 
supply  measures  101x9x71  inches. 
Total  weight  of  the  equipment  is  54 
pounds. 


Tubing  and  Sleeving 

William  Brand  and  Co.,  276  Fourth 
Ave.,  New  York  10,  N.  Y.,  has  de¬ 
veloped  a  varnish  impregnation  proc¬ 
ess  for  cotton  braided  tubing  which 
leaves  the  material  pliable,  yet  with 
resistance  to  oils,  acids  and  alkalies 
exceeding  that  of  other  insulating 
sleevings.  Turbotuff  is  available  in 
all  standard  colors  and  sizes  up  to 
No.  14,  either  in  coils  or  bundles. 


cps  and  less  than  1  percent  from  200 
to  15,000  cps  with  noise  level  60  db 
or  better  is  claimed  for  both  the 
1-channel  and  the  3-channel  equip¬ 
ments.  Gain  is  86  db.  A  4-inch  il¬ 
luminated  vu  meter  permits  the  re¬ 
mote  operator  to  ride  gain  on  the 


Mass  X-ray  Unit 

North  American  Philips  Co.,  Inc., 
100  East  42nd  St.,  New  York  17, 
N.  Y.,  has  announced  a  new  X-ray 
unit  designed  to  handle  200  to  300 
chest  examinations  per  hour.  Com¬ 
prising  the  MCS-type  unit  are  an 
X-ray  tube  and  power  supply,  fluoro- 
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Test  Probes 

A.  Rothfuchs,  Ing.,  Dufourstr.  107, 
Zurich  8,  Switzerland.  Among  the 
electrical  articles  available  from  this 
manufacturer  are  test  probes  with 


t 
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HARVEY^Reguioted  Powei^ Supplies 


Amplifiers,  pulse  generators,  constant  fre¬ 
quency  oscillators,  measurement  equipment  — 
in  fact  any  apparatus  requiring  a  constant 
source  of  laboratory  D.C.  power  —  performs 
more  efficiently  and  effectively  when  teamed 
with  HARVEY  Regulated  Power  Supplies. 
Designed  specifically  for  the  job,  HARV^EY 
106  PA  and  206  PA  Regulated  Power  Supplies 
perform  their  functions  with  utmost  precision, 
dependability  and  operating  ease. 


Th«  HARVEY  Regulcrted  Rowar  Supply 

106  RA  meets  every  need  for  a  controllable, 
dependable  source  of  laboratory  D.C.  power 
between  200-300  volts.  Operates  from  115  volts 
A.C.  .  .  .  output  remains  constant  even  though 
line  voltage  varies  between  95  suid  130  volts. 
Ripple  content  is  less  than  lOMV  .  .  .  two 
separate  filament  voltages  available  .  .  .  6.3 
volts,  5  amps,  each  .  .  .  parallel  operation 
possible  making  6.3  volts  at  10  amps,  available. 
D.C.  voltmeter  for  measuring  output. 


Thu  HARVEY  Rugulatud  Rower  Supply 

206  RA  operates  precisely  and  efficiently  in  the 
500  to  1000  volt  range.  It  provides  a  regulated 
flow  of  D.C.  power  in  two  ranges:  500  to  700 
at  amp;  700  to  1000  at  1/5  amp.  Ripple  con¬ 
tent  1/10  of  1%  or  less  in  any  voltage. . .  300 
MV  at  1000  volts  or  better.  Output  is  constant 
within  1%  from  no  load  to  full  load  in  each 
range;  regulation  1%  or  better.  The  HARVEY 
206  P.\  has  many  safety  and  operating  features 
that  make  it  as  easy  to  use  as  the  106  PA. 
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scopic  screen,  automatic  70-milli¬ 
meter  camera,  and  control  stand. 
No  component  of  the  mechanical  as¬ 
sembly  weighs  more  than  80  pounds, 
being  principally  cast  magnesium. 
The  equipment  can  be  unpacked  and 
set  up  in  twenty  minutes. 


is  25  watts  with  frequency  response 
from  50  to  10,000  cps,  controllable  at 
the  low  end  from  minus  15  to  plus 
17  db  and  from  minus  15  to  plus  22 
at  the  high  end.  Power  consump¬ 
tion  is  115  watts  at  105  to  125  volts, 
60  cps.  The  dimensions  of  the  equip¬ 
ment  are  15i  x  10*  x  8i  inches. 
Weight  is  26  pounds. 


Breakdown  Tester 

Industrial  Transformer  Corp., 
2450  Belmont  Ave.,  New  York  58, 
N.  Y.,  has  two  insulation  breakdown 
test  sets  on  the  market,  the  Model 
IT-25  for  portable  work  and  the 
IT-630  with  outputs  from  0-3,000 
and  0-6,000  volts.  A  voltmeter  is 
provided  to  show  the  potential  of 
breakdown  and  an  instantaneous  trip 
circuit  breaker  in  the  transformer 
primary  operates  at  the  moment  of 
overload.  The  net  price  is  $125. 


Miniature  Plugs  and  Sockets 

Alden  Products  Co.,  117  North 
Main  St.,  Brockton  64,  Mass.,  is  pre¬ 
pared  to  furnish  series  121P-125P 
miniature  plugs  and  441-445  series 


Battery  Holder 

Spitfire  Tools,  Inc.,  2931-35  North 
Pulaski  Road,  Chicago  41,  Ill.,  an¬ 
nounces  a  new  standard  10-cent 
flashlight  cell  holder  designed  spe¬ 
cially  for  users  of  hearing  aids  who 
can  not  always  conveniently  purchase 


Microphone  Floor  Stand 

Electro- Voice,  Inc.,  South  Bend, 
Indiana.  A  new  microphone  floor 
stand  can  be  raised,  lowered  and 
locked  with  one-hand  operation. 
When  locked  vertically,  the  stand  is 


sockets  with  from  one  to  five  con¬ 
nections.  Diameter  of  the  connector 
face  is  inch,  and  socket  mounting 
ears  have  holes  1 2  inches  apart. 


Audio  Amplifier 

Allen  D.  Cardwell  Manufactur¬ 
ing  Corp.,  97  Whiting  St.,  Plainville, 
Conn.  The  Model  CE-25  high-fidelity 
audio  amplifier  has  three  high-im- 
pedance  input  controls,  two  for 
microphones  and  one  for  phono¬ 
graph,  as  well  as  individual  bass  and 
treble  boost  controls.  Power  output 


the  conventional  hearing-aid  type. 
A  socket  at  the  top  of  the  holder  re¬ 
ceives  the  plug.  The  whole  assembly 
is  intended  to  be  strapped  to  the 
hearing-aid  B  battery.  It  retails  for 
$1.50. 


still  free  to  rotate.  Height  adjust¬ 
ment  of  the  satin-finish  chrome 
Model  425  stand  is  from  37  to  66 
inches.  Three-leg  spread  requires  a 
maximum  radius  of  17  inches.  It 
weighs  7^  pounds  and  lists  at  $22.50. 


Signal  Generator 

Simpson  Electric  Co.,  5200-5218 
W.  Kinzie  St.,  Chicago  44,  Ill.  The 
Model  415  wide-range  signal  gener¬ 
ator  has  been  designed  for  service- 
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By  using  an  S.S.Whi+e  Remote  Control  flexible  shaft 
to  couple  the  condenser  to  the  control  knob,  you  are 
free  to  place  both  the  condenser  and  the  control  knob 
anywhere  you  want  them.  In  this  way  you  can  satisfy 
all  requirements  of  wiring,  assembly,  servicing,  or  space 
and  at  the  same  time  locate  controls  for  convenient 
operation  and  appearance.  This  applies  not  only  to 
condensers,  but  also  to  any  other  variable  element. 
For  full  details,  write  for 

FLEXIBLE  SHAFT  BULLETIH  4501 

This  bulletin  gives  basic  information  and  technical  data 
about  S.S.White  flexible  shafts  and  their  application. 


THE  $.  $.  WHITE  DENTAL  MEG.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  I.  10  EAST  40th  ST..  NEW  TORK  14.  N.  r.._ 
ruxraii  SNAfTS  •  nixitii  SNArr  toois  •  aikciaft  Accissoiiis 

SMAll  CUTTINO  AND  OtlNDINO  TOOiS  •  SMClAi  PORMUiA  RUttlRS 
MOiOfO  RBISTOtS  •  HASTIC  STfCIAITIiS  •  CONTRACT  MASTICS  MOiOINO 


Oise  /4m€n4caA  A  AAA  SHtenfini^ 


THESe  RESTRICTIONS 


With  the  control  knob  mounted  di¬ 
rectly  on  the  condenser  shaft  you 
are  definitely  limited  in  positioning 
both  the  knob  and  the  condenser. 
The  position  of  one  determines  the 
location  of  the  other. 


4^0  c(  wiZft . . 

s.s.mnE  rcExim  shafts 
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men  requiring  f-m  and  a-m  signals. 
The  equipment  is  practically  inde¬ 
pendent  of  line  voltage  fluctuations 
and  is  arranged  for  constant  r-f  out¬ 
put  over  the  entire  range.  The  out¬ 
put  signal  can  be  modulated  in¬ 
ternally  at  400  cps  or  externally  from 
below  60  cps  to  over  10,000  cps. 


12 

F-m  Broadcast  Transmitters 

Federal  Telephone  and  Radio 
Corp.,  Newark  1,  N.  J.  A  new  line  of 
f-m  broadcast  transmitters  for  the 
new  f-m  band,  88  to  108  megacycles, 
has  been  announced,  with  equipment 
having  output  powers  of  1,000  and 
3,000  watts.  The  center  frequency 


is  electronically  maintained  within 
1,000  cps  of  its  assignment,  exceed¬ 
ing  FCC  requirements.  Linear  modu¬ 
lation  is  assured  between  50  and 
15,000  cps  even  when  the  transmit¬ 
ter  is  overmodulated  by  transients  as 
much  as  300  percent. 


13 

Turntable  and  Amplifier 

Gates  Radio  Co.,  Quincy,  Illinois, 
is  now  marketing  a  master  tran¬ 
scription  turntable  with  built-in 
amplifier.  Five  different  frequency 


responses,  selected  by  a  switch  on 
the  control  panel,  are  built  into  the 
three-stage  preamplifier.  The  ampli¬ 
fier,  housed  in  the  cabinet,  provides 
ample  gain  to  feed  other  circuits  hav¬ 
ing  input  level  requirements  up  to 


minus  20  vu.  Speed  of  the  edge- 
driven  aluminum  turntable  is  adjust¬ 
able.  The  reproducer  has  a  reed-type 
magnetic  cartridge.  Units  are  avail¬ 
able  with  either  sapphire  or  diamond 
stylus  points. 


14 

Volume  Limiter 

Raytheon  Manufacturing  Co.,  60 
East  42nd  St,  New  York  17,  N.  Y. 
Designed  for  use  in  a-m  and  f-m 


speech  input  systems  to  obtain  maxi¬ 
mum  average  percentage  of  modula¬ 
tion  without  increase  of  distortion 
or  overmodulation,  the  new  volume 
limiter  has  a  frequency  response 


from  30  to  15,000  cps.  Inputs  vary¬ 
ing  from  minus  40  to  plus  20  db  can 
be  handled  and  the  noise  level  is  bet¬ 
ter  than  60  db  down  with  an  output 
of  23  db.  Recovery  time  is  variable 
and  under  control  of  the  operator. 
With  a  compression  of  5  db,  distor¬ 
tion  is  less  than  one  percent. 


15 

Microphone 

Aviometer  Corp.,  370  West  35th 
St.,  New  York  1,  N.  Y.,  in  its  recent 
catalog  of  handsets,  microphones  and 
headphones,  features  the  Roger 
handheld  carbon  microphone  de¬ 
signed  for  airlines  interphone  and 
radio  use.  It  has  high  sensitivity, 
good  noise  discrimination  and  an  un¬ 
breakable  push-to-talk  switch. 


16 

Coaxial  Cable  Relay 

Price  Electric  Co.,  Church  St., 
Frederick,  Maryland.  Now  available 
for  civilian  use  is  a  relay  designed 
to  be  placed  between  a  coaxial  line 
from  an  antenna  and  the  leads  to 
transmitter  and  receiver.  The  con¬ 
tacts  are  arranged  to  break  the  re¬ 
ceiver  connection  before  the  trans¬ 


mitter  is  connected  to  the  antenna. 
Connections  to  the  relay  are  made 
with  Signal  Corps  PL-259,  or  equiva¬ 
lent,  plugs.  Operating  coils  are 
available  for  6,  12,  24,  or  48  volts  d-c 
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For  Rapid  Measurements  of 
CAPACITANCE  and  INDUCTANCE 

These  two  portable,  self-contained  bridges  are 
designed  for  use  in  the  laboratory,  in  produc¬ 
tion  testing  and  in  industrial  plants.  Their 
accuracy  is  sufficient  for  a  large  majority  of 
routine  measurements.  Their  usefulness  is 
increased  considerably  by  their  being  portable, 
self-contained,  battery  operated,  and  complete 
and  ready  to  use  at  all  times.  They  are  both 
housed  in  walnut  cabinets  with  removable  cover 
and  are  supplied  with  the  6-volt  dry  battery  and 
headset  required  for  each. 


TYPE  1614-A  CAPACITANCE  BRIDGE 

RANGE  for  Capacitance:  10  micromicrofarads  to 
100  microfarads  in  three  steps;  10  micromicrofarads 
to  10,000  micromicrofarads;  0.01  microfarad  to  1.0 
microfarad  and  1.0  microfarad  to  100  microfarads. 
ACCURACY:  ±2%  except  on  lowest  range  where, 
after  zero  of  9  microfarads  is  subtracted,  accuracy  is 
±2  microfarads  +2%  of  dial  reading.  DIAL 
CALIBRATION:  approximately  logarithmic  over  two 
main  decades,  with  compressed  lower  decade  used  for 
measurements  below  100  microfarads.  RANGE  for 
Dissipation  Factor:  0  to  45%.  FREQUENCY:  1000 
cycles  d=5%  from  internal  oscillator.  ACCESSORIES 
REQUIRED:  if  a  d-c  polarizing  voltage  is  used  a  2 
microfarad  blocking  condenser  is  required.  Space  is 
provided  in  the  cabinet  for  such  a  condenser,  not 
supplied  with  the  instrument.  Price:  $105.00. 


TYPE  1631-A  INDUCTANCE  BRIDGE 

RANGE  for  Inductance:  10  microhenries  to  100 
henries  in  3  steps  of  10  microhenries  to  10,000  micro¬ 
henries;  0.1  henry ^  to  1  henry  and  1  henry  to  100 
henries.  ACCURACY:  ±2.5%  of  dial  reading 
between  100  microhenries  and  10  henries.  Below  100 
microhenries  the  error  varies  inversely  as  the  magni¬ 
tude  of  the  unknown.  DIAL  CALIBRATION: 
approximately  logarithmic  over  two  main  decades 
with  a  compressed  lower  decade  for  measurements 
below  100  microhenries.  RANGE  for  Q  (storage 
factor) :  1  to  45.  Other  specifications  are  the  same  as 
those  for  the  Type  1614-A  Capacitance  Bridge. 
Price:  $115.00. 


DELIVERIES  PROBABLY  FROM  STOCK.  ORDER  NOW! 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


so  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5 


950  N.  Highland  Ave.,  Los  Angeles  38 
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or  115  or  230  volts,  60  cps.  The  con¬ 
tacts  will  carry  one  ampere  at  radio 
frequencies.  The  relay  measures 
3x2ixH  inches  and  weighs  9 
ounces. 


Television  Capacitors 

General  Electric  Co.,  Schenectady 
5,  N.  Y.,  announces  a  new  line  of 
small  capacitors  designed  especially 
for  television  receivers.  Available  in 
two  types,  flat  cylinder  and  tubular 


FOR  PHONOGRAPH  PICKUPS 


■  HAT  The  Astatic  Corporation  is  the 
world's  largest  producer  of  Crystal  Phonograph 
Pickup  Cartridges  is,  in  itself,  actual  testimony  of 
their  outstanding  service  and  high  operating  effi¬ 
ciency.  That  they  are  preferred  and  used  by  a 
majority  of  the  leading  manufacturers  of  electrical 
phonographs  and  automatic  record  changers,  is 
convincing  evidence  of  their  expert  engineering  and 
construction.  Astatic  Crystal  Cartridges  are  manu¬ 
factured  to  nteet  today's  exacting  standards  of 
performance  and  are  individually  tested  and  ap¬ 
proved  for  output  voltage  and  frequency  response 
before  being  released  for  shipment.  Astatic  Cart¬ 
ridges  are  extensively  used  in  an  ever-growing  field 
of  new  product  applications,  as  well  as  for  replace¬ 
ment  purposes  or  the  improvement  of  existing 
equipment. 


construction,  the  Lectrofilm  units, 
are  equipped  with  prong-type  ter¬ 
minals.  Their  characteristics,  0.005 
microfarad  and  5,000  to  16,000  volts, 
make  them  suitable  for  filter  and  al¬ 
lied  uses. 


Robot 

W.  C.  Robinette  Co.,  802  Fair  Oaks 
Ave.,  South  Pasadena,  Calif.  The 
Motron  servo  Model  61A  is  a  pack¬ 
aged  continuous-balance  control  sys¬ 
tem  of  great  sensitivity  which  can  be 
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No  electrical  equipment  can  be  any  better  than  its  insulation 
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This  insulating  varnisli 
helped  shipyard  elec* 
trical  equipment  operate 
under  wartime  overload. 
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. . .  and  the  same  varnish 
can  help  to  keep  peace¬ 
time  industry's  electrical 
equipment  on  the  job. 
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In  the  field  of  insulating  varnishes  the  General  Electric 
label  stands  for  45  years  of  experience  in  research  and 
manufacture  . . .  large  productive  capacity  . . .  expert  tech¬ 
nical  service.  G-E  Insulating  Varnishes,  which  were  sup¬ 
plied  in  millions  of  gallons  for  the  toughest  war  uses,  now 
are  available  to  all  industry.  You  can  count  on  uniformity 
of  product  in  every  shipment  because  of  strict  G-E  Quality 
Control  in  every  manufacturing  operation.  For  full  details 
consult  your  local  General  Electric  Merchandise  Distribu¬ 
tor.  Or  write  direct  to  Section  RIMA-6614,  Resins  and 
Insulation  Materials  Division,  Chemical  Department, 
General  Electric  Company,  Schenectady  5,  New  York. 


GENERAL  M  ELECTRIC 
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G.E.  OFFERS  A  COMPLETE  LINE  OF  INSULATING  MATERIALS 
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applied  to  the  automatic  control  of  a 
variety  of  operations  requiring  hu¬ 
man  supervision.  Miniature  elec¬ 
tron  tubes  control  the  speed  and 
direction  of  a  standard  1/15  horse¬ 
power  induction  motor  according  to 
the  position  of  an  input  dial.  The 
input  dial  can  be  actuated  by  small 
forces  such  as  those  resulting  from 
meter  movements,  air  vanes  and 
compass  needles. 


19 

Voltage  Regulator 

Sorensen  and  Co.,  Inc.,  375  Fair- 
field  Ave.,  Stamford,  Conn.  The  new 
Model  5000-2  electronic  voltage  regu¬ 
lator  is  the  first  designed  for  230- 
volt  operation  within  the  load  range 
of  500  to  5,000  volt-amperes.  The  de¬ 


vice  is  unaffected  by  lagging  power 
factor  variations  or  frequency 
changes  between  50  and  70  cps  and 
stabilizes  line  voltage  within  0.25 
percent.  Harmonic  distortion  of  the 
output  wave  is  less  than  5  percent. 


Plastics  Preheater 


Airtronics  Manufacturing  Co., 
5245  W.  San  Fernando  Rd.,  Los  An¬ 
geles  26,  C5lif.,  now  offers  the  Model 


PACKAGED  KILOWATT 


COMMUNICATION— —MDIOBIACON 


ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


The  160-T  COMMUNICATION  Transmitter  is  designed  for  airways,  coastal 
harbor,  police  or  any  point-to-point  service  where  dependable  tele¬ 
phone  and  telegraph  communication  is  essential. 

tfie  170-T  RADIOBEACON  Transmitter  provides  homing 
facilities  for  aircraft.  Tone  keying  offers  station  iden¬ 
tification;  voice  modulation  gives  weather  and 
landing  information.  Applicable  as  well 
for  coastal-marine  beacon  and 

communication  installations.  -=^gKvy/~ 


160-T 

1000  watts 
2  to  15  MC 
A1  and  A3 
Local  or  remote 


Specifications 
POWER  OUTPUT 
FREQUENCY  RANGE 
EMISSION 
CONTROL 


170-T 

1000  watts 
200  to  500  KC 
A1  and  A3 
Local  or  remote 


Details  on  request 


in 


ElEl 


itM 
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GUAB^ 


v»er 


seo' 


4O.OO® 


O 


X.X^ 


Available  in  many  standard  designs  from  stock 
...with  "specials"  to  order  on  short  notice 


FREE  DATA  BOOK: 

Wr»te  today  for  your 
48  poge  book  Cor> 
toms  complete  infor 
motEon  including  me 
chonical  ond  electrical 
characteristics  of  all 
General  Cergmic  s  stand 
ord  Steotite  msu.lafors 
Address  reQuest  on  ron 
Donv  letterhead 


There  are  several  important  reasons  why  SEALEX  Bushings  provide  permanent 
hermetic  sealing  capable  of  withstanding  severe  shock  and  vibration.  First,  the 
steatite  dielectric  is  chemically  bonded  to  the  metal  electrodes  and  collar;  secoi^, 
matched  coefficients  of  expansion  assure  a  permanent  bond  through  an  extreme 
range  of  temperatures.  Last,  every  bushing  is  subjected  to  an  air  pressure  test  of 
50  psi  prior  to  shipment. 

These  facts,  plus  the  added  feature  that  all  meul  parts  are  hot  tinned  to  faciliute 
soldering,  is  your  guarantee  that  SEALEX  Bushings  will  meet  your  requirements 
to  the  letter.  Standard  types  include  both  individual  lead  terminals  and  multiple 
headers  with  as  many  as  16  leads.  Special  types  can  be  supplied  to  practically  any 
specifications.  Write  for  details. 


GENERAL 

Cilia  CS  ..  COHOIITiOi 


CERAMICS  and  STEATITE  CORP. 


GENERAL  OFFICES  and  PLANT:  KEASBEY,  NEW  JERSEY 
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GOTO 


DH  dual  preheater  designed  for  use 
in  plastics  molding  plants.  Controls 
are  arranged  so  that  two  different 


0SCILL*rc« 


types  of  load  can  be  used  alternately 
or  in  any  desired  sequence  without 
the  necessity  of  continually  resetting. 
The  model  illustrated  is  rated  at  2.5 
kilowatts  and  measures  18x22x36 
inches. 

21 

Oxygen  Detector 

Baker  and  Co.,  Inc., Newark  5,  X.  J.. 
has  designed  the  Deoxo  indicator 
which  shows  the  presence  of  from 


Co+o  Bakelite  Control  Wheels  may 
again  be  had  in  the  familiar  2^4” 
3*/^"  diameters.  They  are  supplied 
with  aluminum  scale  complete,  or 
wheel  only  as  desired. 

Separate  name  plates  in  a  wide 
choice  of  titles  are  also  available 
for  attachment  on  scale  or  for  use 
over  meters. 

We  solicif  inquiries 

on  quantify  orders 


COTO-COIL  CO,  INC. 

COIL  SPECIALISTS 
SINCE  1917 

65  Pavilion  Ave.  Providence  5,  R.  I. 


Gas  Switching  Tube 

Syl VANIA  Electric  Products  Inc., 
500  Fifth  Ave„  New  York  18,  N.  Y. 
Gas  switching  tubes  for  rapid,  auto¬ 
matic  transmit-receive  service  in 
high-frequency  systems  employing 
wave  guides  are  now  available  for 
use  in  the  freciuency  range  8,400- 
9,600  megacycles.  Two  types  of 
tubes,  known  as  TR  and  anti-TR,  are 
mounted  in  separate  branches  of  the 
wave  guide  system.  When  ionized  by 
the  transmitter  signal,  they  operate 


CONTROL  WHEELS 

for 

PROMPT  DELIVERY 
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TRAIN  RADIO  TO  AID  IN  OPERATION  OF 

0 

PERE  MARQUETTE’S  NEW,  STREAMLINED  TRAINS 

**Btj  virtue  of  their  efficient  and  effective  performance  during  the  war,  the  nations 
Railroads  have  won  the  respect  and  goodwill  of  the  American  people.  It  is  essential 
that  this  public  esteem  he  maintained.  That  is  why  progressive  railroad  manage- 
ments  are  planning  the  use  of  many  technical  developments  capable  of  making 
additional  contributions  to  the  safety  and  comfoH  'of  rail  passenger  service,  and 
why  the  new,  streamlined  passenger  trains  which  Pere  Marquette  soon  will  put 
into  operation  are  to  be  equipped  with  train  radio  communication  systems.” 


In  designing  mobile  communications  facilities  for 
the  nation's  progressive  railroads,  Farnswoith  has  met 
and  solved  a  number  of  unique  engineering  problems. 

For  example,  before  train  radio  could  be  of  maxi- 
nunn  service  iu  streamlined  train  operation,  nev^  antenna 
techniques  had  to  be  developed.  On  the  one  hand, 
minimum  clearance, far  below  the  se^’enteen-to-tvventy- 
inch  height  of  the  normal  \'1IF  railroad  antenna,  was 
a  prime  requisite.  On  the  other  hand,  becau.se  human 
life,  as  well  as  valuable  property,  is  iiivob  ed  in  passen¬ 
ger  train  moxements,  (‘fficiencv  and  reliability  could 
not  be  sacrificed. 


President 

Pere  Marcpiette  Railway  Camipanv 


Faced  with  this  dual  objective,  Farnsworth  engineers 
set  to  work.  Creative  engineering,  coupled  with  carefid 
field  testing,  resulted  in  the  new  Farnsworth  VHF  train 
radio  antcniui.  Though  as  efficient  as  the  taller,  quarter- 
wave,  ground-plane  antenna,  heretofore  accepted  as 
standard,  it  is  only  eleven  inches  in  height. 

This  new  antenna  is  another  instance  of  the  careful 
engineering  and  thorough  research  through  which 
Farnsworth  railway  communications  svstt'ins  guarantee 
maximum  usefulness  and  ffexibility  with  simplified,  low- 
eost  maintemince.  Farnsworth  Television  &  Radio  Cor¬ 
poration,  Dept.  E-6,  Fort  \Ahyne  1,  Indiana. 


FARNSWORTH 


TELEVISION  & 

RADIO  CORPORATION 


Fornsworth  Radio  and  Tolovision  Rocoivort  and  Transmittors  •  Aircraft  Radio  Equipment  Farnsworth  Television  Tubes  •  Halsteod  Mobile 

Communications  and  Traffic  Control  Systems  for  Roil  and  Highway  *  the  Farnsworth  Phonograph-Radio  *  the  Capehart  •  the  Panamuse  by  Capehart 
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ROTOBRIDGE 

Checks  a  Circuit  a  Second 

Use  the  Rotobridge  as  insurance  against  returns,  rejects  and 
troul)lesonie  service  calls. 

This  automatic  instrument  checks  wiring  errors,  resistance 
and  reactance  values — right  on  the  assembly  line! 

Designed  for  continuous  24-hour  duty,  the  Rotobridge 
serves  you  where  and  as  you  direct.  A  10%  resistance 
tolerance  at  one  point?  A  25%  capacity  tolerance  at 
another  spot?  Trust  the  Rotobridge  to  do  the  job  with 
unfailing  accuracy — and  completely  automatically! 

Versatile,  the  Rotobridge  is  adaptable  either  to  several 
sin  all-sub-assemblies,  or  a  complete  set  comprising  as  mani¬ 
as  120  circuits.  Two  or  three  Rotobridge  units,  working 
simultaneously,  will  inspect  a  30  or  40  tube  set  up  ...  in 
five  minutes! 

Write  for  Bulletin  and  Prices 

Communication  Measurements  Laboratory 

120  Greenwich  Street,  New  York 

SALES  {  Chicago:  612  N.  Mtckigaa  Aveave 
OFFICE  {  Wosftfagtoa;  924  I9fJk  Street.  N.  W. 


standardization  at  power  line  fre¬ 
quencies  within  plus  or  minus  3 
percent.  The  light  source  is  fastened 
to  the  carrying  handle  in  such  a  way 
that  lamp  and  cord  are  enclosed  in 
the  cabinet  when  not  in  use.  The 
cabinet  weighs  19 J  pounds  and  meas¬ 
ures  101x5«xl0^  inches. 


Fluid  Variable  Capacitor 

Timing  Instrument  Co.,  106 
Spring  St.,  New  York  12,  N.  Y.  The 
Cam-Rotor  variable  capacitor  makes 
use  of  a  shaped  rotor  moving  in  a 
fluid  of  high  dielectric  constant  and 
low  power  factor,  continuously 


to  permit  normal  transmission.  Both 
tubes  deionize  in  a  few  microseconds 
to  permit  reception  with  the  same 
antenna  and  wave  guide  system.  The 
types  1B37  and  1B35  (anti-TR)  are 
designed  for  use  with  the  type 
•  1B24  (TR)  tube  in  standard  wave 
guides  with  0.4  x  0.9  inch  inside  di¬ 
ameter. 
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Stroboscope 

Communication  Measurements 
Laboratory,  120  Greenwich  St., 
New  York  6,  N.  Y.  The  Model  1210 
stroboscope  can  be  adjusted  to  flash 
at  any  frequency  from  10  to  800  cps, 
corresponding  to  speeds  of  600  to 
48,000  rpm.  A  vibrating  reed  allows 


“My  job  is  to  dream  up  electronic 


equipment  that  will  knock  dollars  off 
operational  costs,  improve  end  products  or 
accomplish  something  that’s  never  been 
done  before. 


But  I  can’t  dream  in  a  vacuum.  I  must 


be  100%  up-to-date  on  everything  happen¬ 
ing  in  my  field.  I  must  know  and  under¬ 
stand  all  the  newest  developments  if  I  am 
to  do  the  creative,  constructive  job  that’s 
expected  of  me. 


Mr.  Manufacturer 


ThatS  Why  .  .  •  I  subscribe  to 
ELECTRONICS,  and  for  the  same  reason, 
it’s  why  practically  everyone  else  in  my  type 
of  work  does  too. 


This  is  not  an  isolated  case — it’s  typical 


Therefore,  make  sure  your  products  are 
fully  represented  in  each  issue  of 


^^Here’s  what  ELECTRONICS 
does  for  me  . .  • 

It  gives  me  the  most  complete  and  informative  picture 
of  all  important  electronic  developments,  be  they  new 
government  regulations,  new  theories,  new  products, 
new  applications  or  new  literature.  Each  month  Fm 
sure  I’m  ‘up  front’  and  fully  informed  on  all  pertinent 
industry  news.  I’ve  learned  from  experience  that 
1  can  rely  on  ELECTRONICS  for  complete,  accurate, 
technically  sound  editorial  content. 
In  a  word,  it’s  authoritative. 


ELECTRONICS  where  they  will  be  read 


and  studied  by  the  men  who  design,  create 


and  influence  purchases.  Tell  your  story 
to  the  largest,  most  influential 
electronic  audience 


ever  made  available 


to  advertisers  in  • 


How  about  advertising  content, 
Mr.  Engineer? 

“  When  I  said  ELECTRONKJS  gave  me  the  compre¬ 
hensive  picture  I  needed  I  had  advertising  as  well  as 
editorial  content  in  mind.  B^ause  ELECTRONICS 
carries  the  largest  volume  of  advertising  it  offers  the 
best  and  most  complete  picture  of  available  products, 
their  characteristics  and  sources.  Such  information 
is  of  vital  importance  to  me  . . .  particularly  when 
I  specify  purchases.  Frankly,  I  spend  about  as  much 
time  on  the  advertisements  as  I  do  on  editorial  content.” 


A  McGKAW-NIU  PUillCATION 


330  W.  42nd  St.,  New  York  18 

DESIGN  ...  PRODUCTION 

Alc  Established  1930 


electronics  — June  1946 


START  OF  A 
SOLDERING  JOB 


the  RIGHT  FLUX 

from  KESTER 


changing  the  area  it  presents  to  a 
fixed  plate.  The  units  are  sealed  and 
are  claimed  to  be  interchangeable 
with  air-gap  capacitors  specified  by 
RMA  for  the  same  service.  They  are 
also  said  to  have  the  advantage  of 
eliminating  acoustic  feedback. 


Program  Equalizer 

CiNtMA  Engineering  Co.,  1510  W. 
Verdugo  Ave.,  Burbank,  Calif.,  has 
an  equalizer  designed  for  broadcast 
or  recording  work,  which  can  also  be 
used  for  attenuation  or  sound  ef¬ 
fects.  The  type  4031  unit  is  gradu¬ 
ated  in  2-db  steps.  Both  ends  of  the 


range  can  be  attenuated  16  db  or 
equalized  12  db.  A  key  selector  per¬ 
mits  switching  high-frequency  peak 
equalization  to  3,  5  or  10  kc.  A  cut¬ 
out  key  allows  switching  the  equal¬ 
izer  in  or  out  with  no  change  in  the 
overall  level.  The  equipment  is  sup¬ 
plied  on  a  3i-inch  panel  for  stand¬ 
ard  relay-rack  mounting. 
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The  RIGHT  FLUX  because  Kester  engineers,  recognized 
solder  authorities  loi  47  years,  give  careful  considera¬ 
tion  to  the  kind  of  soldering  that's  to  be  done,  and  fit 
the  flux  formula  to  the  job's  requirements. 

That  is  why  you  can  expect  maximum  results,  in  your 
plant,  with  Kester  Flumes  .  .  .  results  which  will  mean 
fewer  service  difficulties,  better  product  performance. 
The  Kester  laboratories  will  gladly  consult  with  you 
about  the  proper  flux  formula  for  any  operation.  Write 
fully,  without  obligation. 


KESTER  SOLDER  COMPANY 


F-m  Tube 

General  Electric  Co.,  Syracuse, 
N.  Y.  Less  than  150  watts  driving 
power  is  needed  to  obtain  3  kilo¬ 
watts  output  from  a  pair  of  the  new 
GL-7D21  tubes*.  They  have  been 
designed  particularly  for  use  in  f-m 
transmitters.  Ring-seal  contacts  and 
construction  facilitate  installation 


4204  WRIGHTWOOD  AVENUE 
Eastern  Plont:  Newark,  N.  J. 


CfflCAGO  39.  ILLINOIS 
Canadian  Plant:  Brantford.  Ont 


KESTER 


'  w 


Mmmm 


Wartime  requirements  for  accurate  smooth-working 
dials  resulted  in  the  design  of  these  two  new  models. 
Both  make  use  of  the  time-tested  “Velvet  Vernier"' 
drive  unit  which  for  more  than  twenty  years  has  b^n 
a  favorite  because  of  its  incomparably  smooth  action 
and  sensitive  control.  The  Tjrpe  AM  Dial  is  three 
inches  in  diameter  and  is  available  with  2,  3,  4,  5  or 
6  scale.  The  four-inch  Type  AD  Dial  is  made  with 
2,  3,  4  or  5  scale.  I  mal  scales  I 


DinckMaf  CaMiasar  IMafiM 


Both  are  handsome 
in  appearance  and 
moderate  in  cost. 


Scan  OimMn  WiUiwi 


nr  Mtraast «  aiai  rtaiac 


2  0-100  180^  Counter  Clockwise 

3  100-0  180“  Clockwise 

4  ISaO  270“  Clockwise 

5  200-0  360“  Clockwise 

6  0-1 50  270*  Counter  Clockwise 
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Whether  your  assemblies  are  of  metal,  wood, 
fabric  or  plastic  parts  —  or  any  combination  of 
the  four  —  here  is  fastening  speed  for  you.  To 
cut  costs.  To  save  time.  With  every  fastening 
perfect.  Never  to  come  apart.  What  a  luxury 
now  to  set  rivets  by  hand! 

The  Milford  Bench  Type  Rivet  Setter,  versa* 
tile,  powerful,  precision-made,  is  the  Little 
Giant  of  the  Milford  line.  The  others  are  all 
floor  models,  single  and  double  spindle,  accept* 


Can  be 
RENTED  for  lim¬ 
ited  or  seasonal  use 

ing  rivets  up  to  Va“  x 
In  fasteners  and  fastenings,  Milford's  "know¬ 
how"  is  vast.  Make  use  of  it  —  it's  FREE. 
Whether  your  product  is  in  or  out  of  the  draw¬ 
ing  board  stage,  get  Milford's  ideas  an  cost¬ 
cutting,  time-saving  fasteners:  semi-tubular 
rivets  or  special,  small  metal  parts  or  fasteners. 

A  sample  of  your  product,  or  a  blueprint,  will 
start  Milford  engineers'  fastening  ideas  yoMf 
way.  No  obligation. 


THE  MILFORD  RIVET  &  MACHINE  CO. 


859  Bridgeport  Ave. 

MILFORD,  CONN. 


1002  West  River  St. 

ELYRIA,  OHIO 


Inquirna  may  also  ba  oddnssad  to  our  subsidiary: 

THE  PENN  RIVET  &  AAACHINE  CO.,  PHILADELPHIA  33.  PENNA. 

Dosignmrs  and  Manufatturars  of:  SPECIAL  COLD-HEADED  PARTS;  SPLIT,  SEMI -TUBULAR  AND  DEEP- 
ORIUEO  RIVETS;  RIVET-SETTING  MACHINES;  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 


Allen  B.  Du  Mont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J.,  has 
announced  details  of  the  Inductuner, 
a  continuously  variable  tuning  device 
covering  the  range  from  44  to  216 
megacycles.  Chief  advantage  of 
this  new  system,  to  be  included  in 
all  Du  Mont  receivers  and  available 
for  other  manufacturers,  is  that  it 
will  prevent  obsolescence  of  equip¬ 
ment  owing  to  changes  of  frequency 
bands. 


Aid  to  Navigation 

General  Electric  Co.,  Syracuse, 
N.  Y.,  has  streamlined  radar  equip¬ 
ment  for  application  to  merchant 
ships.  The  MN-IA  radar  operates 
at  10  centimeters  and  has  a  range 
from  200  yards  to  30  miles,  with 
resolution  of  100  yards  or  2  percent. 


and  also  neutralization.  The  anode  is 
forced  air-cooled  and  can  dissipate 
up  to  1,200  watts.  Maximum  ratings 
apply  up  to  a  frequency  of  110  mega¬ 
cycles. 

27 

Railroad  Control  Unit 

Aireon  Manufacturing  Corp.,  Kan¬ 
sas  City,  Kansas,  has  developed  a 
handset  and  control  unit  especially 
for  railroad  use  in  vhf  and  induction 
communication  equipment.  The  hand¬ 


set  by  Electrovoice  Corp.  embodies 
the  principles  used  in  the  lip  micro¬ 
phone,  which  cuts  out  noise  without 
attenuating  the  voice.  Controls  are 
provided  for  remote  equipment  in 
the  1030B  unit  which  measures 
6  X  6  X  11  inches. 


Television  Tuner 


SIZE 


086 


059 


SIZE 


SIZE 


097 


039 


SIZE 


Sets  60  Rivets 
PER  MINUTE 


in  Metal,  Wood,  Fabric,  Plastic 
or  any  combination  of  the  four 
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IT'S  A  BEAUTY! 

RCP  WAS  MY  BABY  IIS)  THE 
SIGNAL  CORPS,  TOO. 


RCPtube,  battery 

AND  SET  TESTER 


HANDSOMER, 

BETTER  , 
CONSTRUCTED  — 

INSIDE  AND  OUT 


RCP  Model  805  has  been  widely  ac*  S 
claimed  by  veterans  and  engineers, 

Testimonials  pour  in  like  fan  mail  from 

all  over  the  country  attesting  to  its  superior  quality  and  depend¬ 
ability.  Durably  constructed  in  every  detail  to  withstand  rough 
portable  handling,  yet  it  is  impressively  attractive  for  laboratory 
test  application.  RCP  Model  805  is  a  real  technical  achieve¬ 
ment  for  a  triple-purpose  precision  instrument — and  low-priced 
for  maximum  economy  now  and  in  the  long  run. 

RCP  Model  805  is  a  complete  Tube,  Battery,  and  Set 

Tester  for  direct  testing  of  all  circuits,  old  and  new 

types  of  receiving  tubes,  rectifiers,  and  other  functions.  r-  — 

Supplied  with  high  voltage  test  leads  in  a  sturdy,  pol-  COM 

ished  wood  case  with  removable  cover,  14^"  x  13^  x  6".  ^ 

Weight— 12i  lbs. 


RANGES:  D.  C.  volfmefer:  0-2.5- 
10-50-250-1.000-5.000  volts.  • 
A.  C.  V  o  1 1  m  e  t  e  r;  0- 1 0-50-250- 
1.000-5.000  volts.  •  Output  volt¬ 
meter:  0-10-50-250-1.000  volts.  • 
D.  C.  milliammeter:  O-I-IO-IOO- 
1,000  milllamperes.  •  D.  C.  am¬ 
meter:  0-10  amperes.  •  Ohmme- 
t  e  r  :  0-250-2.500-25.000-0-2.5-25 
megohms.  •  Decibel  meter:  -8  to 
1 5,  1 5  to  29,  29  to  49,  32  to  55  db. 


FEATURE  HIGHLIGHTS:  •  Famous  Dynoptimum 
test  circuit.  •  Line  fused.  •  All  filament  voltages. 
•  Tests  all  acorn  and  ballast  tubes.  •  Tests  con¬ 
denser  leakage  under  rated  voltages.  •  Accurate 
battery  check, -tests  batteries  under  actual  load  con¬ 
ditions.  •  Tests  separate  sections  of  multi-purpose 
tubes.  •  Hot  inter-element  short  and  leak  tests  of 
individual  elements.  •  Separate  test  for  noise,  hum 
and  intermittents.  •  Latest  type  built-in  "Rolin- 
dex”  mechanical  roller  tube  chart.  •  Latest  type 
Germanium  crystal  diode  rectifier  assures  efficient 
operation  and  long-term  use.  •  Rectifiers  electric¬ 
ally  rugged  and  will  withstand  high  peak  currents. 


*89.50 

fOt  OPEHATIOH 


FOR  FURTHER  DETAILS  ON 
THIS  MODEL  AND  OTHER 
RCF  INSTRUMENTS 

WRITE  FOR  CATALOG 


RADIO  CITY  PRODUCTS  COMPANY,  INC 


127  WEST  26th  STREET 


manufacturers  OF  PRECISION  ELECTRONIC  LIMIT 
OHM  —  MILLIAMETERS  —  SIGNAL  GENERATORS  — 


NEW  YORK  CITY  1 .  N.Y, 


IRIDGES  —  VACUUM  TURE  VOLTMETERS  —  VOLT  — 
ANALYZER  UNITS  —  TUBE  TESTERS  —  MULTI-TESTERS 


whichever  is  greater.  Bearings  are 
within  3  degrees.  The  antenna  re¬ 
flector  is  a  cast  aluminum  truncated 
parabola  connected  to  the  navigat¬ 
ors’  equipment  by  wave  guide  or 
coaxial  cable.  Power  required  is 
1,000  watts  a-c  or  1,400  watts  d-c. 
Price,  fob  Syracuse,  is  between 
$5,600  and  $6,000. 


Ground  Plane  Antenna 

The  Workshop  Associates,  66 
Needham  St.,  Newton  Highlands  61, 
Mass.  A  new  ground-plane  antenna 
is  now  available  for  operation  on  the 
amateur  144-148  and  220-225  mega¬ 
cycle  amateur  bands.  The  radiating 
dipole  and  the  six  radials  are  made 


in  two  pieces.  By  screwing  on  seven 
additional  pieces,  the  antenna  is  con¬ 
verted  from  operation  on  the  high- 
frequency  band  to  the  144  megacycle 
band.  Coaxial  cables  of  the  72  or 
50-ohm  types  can  be  used,  although 
the  lower  impedance  gives  a  better 
match.  The  antenna  gives  uniform 
coverage  in  all  directions. 


Dual-Channel  Preamplifier 

The  Langevin  Co.,  Inc.,  37  W.  65th 
St.,  New  York  23,  N.  Y.  Compact 
fixed  medium  gain  preamplifiers 
type  111- A  are  now  being  built  which 
can  be  mounted  on  a  frame  which  is 
in  turn  attached  to  a  standard  relay 
rack.  The  equipment  illustrated 
combines  four  audio  channels  and  a 
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if  you  use  electrical  sheet  steels 
look  at  the  DOLLAR-BEXEFITS  of  ^^Aruico” 


Dollar-benefits  of  using  Armco  steels 
start  with  the  tight  grade  for  the 
right  purpose,  because  Armco  pro¬ 
duces  electrical  sheet  steels  and  coils 
for  exacting  equipment  of  all  kinds. 

Many  electrical  products  for  home 
and  industry  will  benefit  greatly 
from  lessons  learned  during  the  war. 
Notable  progress  has  been  made  in 
the  development  of  special  Armco 
Thin-Gage  Electrical  Steel  for  all 
types  of  high  frequency  equipment. 
Besides  providing  many  new  time¬ 
saving  and  money-saving  conven¬ 
iences,  steels  like  these  help  insure 
safer  transportation  and  faster,  more 


accurate  communications. 

In  your  plant  Armco  Electrical 
Steels  will  give  you  money-saving, 
money-making  results.  You  get  clean, 
flat  punchings — laminations  that 
stack  like  a  pile  of  silver  dollars  . . . 
Longer  die*  life,  too,  all  because 
Armco  sheets  are  flat,  uniform  and 
made  to  exacting  specifications. 

Another  point  you  will  not  want 
to  overlook  is  Armco’s  reputation  for 
magnetic  efficiency.  More  than  40 
years  ago  Armco  was  among  the 
first  steel  manufacturers  to  attack  the 
core  loss  problem,  and  it  has  consist¬ 
ently  led  the  way  ever  since.  The 


American  Rolling  Mill  Company, 
2441  Curtis  St.,  Middletown,  Ohio. 

Export;  Tho  Armco  Internotional  Corporation 


^y^CTIRlC4^ 


Vf\MCo 
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Molded  Coil  Forms 

Stackpole  Carbon  Co.,  St.  Marys, 
Pa.  Molded  bakelite  coil  forms  with 
anchored  hairpin  wire  leads  are  use- 


Co^tneciiCiU 
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line  amplifier,  type  102-A.  Each 
channel  operates  from  a  source  im¬ 
pedance  of  30,  250  or  600  ohms  into 
a  load  impedance  of  600  ohms.  Re¬ 
sponse  of  the  apparatus  is  flat  within 
1  db  over  the  range  30  to  15,000  cps. 
An  external  source  of  power  is  re¬ 
quired  for  6.3-volt,  1.2-ampere  fila¬ 
ments  and  a  plate  supply  of  275  volts, 
16  milliamperes. 


Sensitive  Relay 

-Advance  Electric  &  Relay  Co., 
1260  W.  2nd  St.,  Los  Angeles  26, 
Calif.  The  type  1200  ultrasensitive 
relay  is  plastic  enclosed,  operates  on 
less  than  5  milliwatts  pow'er  and 
will  handle  1  ampere  at  110  volts  a-c. 
Coils  are  available  from  1  to  30,000 
ohms.  Size  of  the  relay  is  2  x  2x%  x 
li  inches  and  it  weighs  61  ounces. 


In  mechanical  devices  —  as  in  music  —  the 
timing  must  be  right.  To  insure  perfect  timing, 
specify  Haydon  Repeat  and  Interval  Timers, 
Time  Delay  Relays,  Contactors,  Interrupters, 
Elapsed  Time  Indicators  or  other  Haydon  ap¬ 
paratus  that  suits  your  particular  timing 
problems. 

Haydon  Timing  Devices  proved  their  absolute 
reliability  in  the  thousands  of  important  meas¬ 
uring  and  motivating  functions  they  performed 
during  the  war. 

Send  for  complete  catalog. 


HAYDONEERED  TIMING 

havdon 


Three-Pole  Switch 


AcRO  Electric  Co.,  1316  Superior 
Ave.,  Cleveland  14,  Ohio,  has  an¬ 
nounced  the  manufacture  of  a  snap 
switch  designed  to  handle  three  cir- 


Completely  insulated  surface 

Standard  Sprague  Koolohm  Wire  Wound  Resistors 
have  the  high  insulation  resistance  to  ground  which 
you  need  for  television  and  other  applications  where 
high  voltages  are  involved— 70,000  volts  from  the  sur¬ 
face  of  their  sturdy  ceramic  jackets  to  their  resistance 
elements.  Mount  them  anywhere  without  fear  of 
voltage  breakdown! 

In  addition,  Koolohms  give  you  the 
advantages  of  higher  resistances  in 
smaller  physical  sizes;  easier  mounting; 
use  at  full  wattage  ratings;  and  overall 
mKSSaSy  tropicalized  protection  against  the  most 
severely  humid  conditions.  Write  for 
Catalog  lOEA. 


WOUND  VlfITH 

CERAMIC 

insulated 
I  WIRE  ^ 


^Pr  OOUBtr 

W  «oricTto 


SPRAGUE  ELECTRIC  CO.,  Resistor  Division,  North  Adams,  Mass* 


SPRAGUE 


TIAOEMARN  REdSTOB)  U.S.  DAT.  Off. 


The  Greatest  Wire-Wound  Resistor  Development  in  20  Years 
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ful  as  a  support  for  direct  windings 
or  for  tubes  previously  wound. 
Molded  iron  sleeve  cores  are  also 
available  for  production  of  coils  hav¬ 
ing  fewer  turns  of  wire  and  high  Q. 


Pushbutton  Switch 

General  Control  Co.,  1200  Soldiers 
Field  Road,  Boston  34,  Mass.,  an¬ 
nounces  a  new  Model  MPB  nine-posi- 


m/S  SPACE  PESERVEV  FOR 


tion  switch  made  in  either  locking 
or  non-locking  types.  Contacts  are 
fine  silver  and  are  rated  at  10  am¬ 
peres,  125  volts,  60  cps  for  a  non- 
inductive  load. 


SIT  DOWN.  SIR.  AND  RELAX. 


Thaf  s  it!  Settle  back  in  this  over- 
stuffed  chair  and  relax!  Com¬ 
fortable.  Ah-h-h-!  Here.  sir.  is 
your  scotch  and  soda.  Now 
then,  forget  your  business  cares 
and  worries,  get  ready  to  enjoy  yourself  —  leave  your  trou¬ 
bles  to  Macallen.  Because  wherever  Mica  is  used  in  any  form. 
Macallen  has  the  vast  resources,  the  wide  technical  experi¬ 
ence  and  the  physical  equipment  to  take  care  of  your  re¬ 
quirements  perfectly. 


Transformer  Bushings 

General  Ceramics  and  Steatite 
Corp.,  Keasbey,  N.  J.  Hermetically 
.sealed  bu.shing.s  in  multiple  and 
single-terminal  styles  are  available 
with  current-carrying  capacities 
from  1  to  20  amperes  and  voltage 
flashover  in  the  range  from  2,000  to 
40,000  volt.s  rms.  Made  of  stainless 
steel  permanently  glazed  to  steatite, 
they  can  be  soldered  without  dam¬ 
age,  and  will  withstand  20  cycles  of 
thermal  shock  from  minus  55  to  plus 
125  C.  All  bushings  are  te.sted  to  a 
pressure  of  50  pounds  per  .square 
inch. 


If  your  product  is  generators  or  motors,  transformers,  con¬ 
densers.  switches  or  anything  that  requires  Mica,  you  can 
rely  on  Macallen's  more  than  half  a  century  working  with 
Mica.  Get  ready  to  enjoy  yourself  —  leave  your  troubles 
to  Macallen. 


When  You  Think  of  MICA,  Think  of  MACALLEN 


Fifty  Waller  for  Planes 

Radio  Corporation  of  .\m erica. 
Camden,  N.  J.  The  model  AVT-49 
transmitter  weighing  little  over  40 
pounds  is  capable  of  supplying  50 
watts  output  on  any  one  of  four  pre¬ 
tuned  frequencies  in  the  range  3  to 
13  megacycles.  Transmitter  and 
dynamotor  power  supply  operating 
from  12  or  24  volt.s  d-c  are  contained 


16  MACALLEN  STREET- BOSTON  27 

CHICAGO:  SSS  W.  Wis»iin|taR  Kvd.  CLEVELAND:  2005  Lodw  BM| 


2S8 
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IT’S  THE  PRECISION  MB  INSTRUMENT 

...AVAILABLE  IN  VOLTMETER  OR  SHUNTED  AMMETER  RANGES! 


Space  requirements  are  really  cut  to  a  minimum 
with  MB  miniatures.  They  are  ready  for  immediate 
installation  in  equipment  or  panelboard  .  .  .  with  all 
accessories  entirely  enclosed  within  the  anodized 
aluminum  housing. 

The  basic  MB  high-precision  movement  is  the 
smallest  produced.  It  has  a  I-inch  diameter,  and  in  a 
PA -inch  case,  there’s  ample  room  for  MB-designed 
multipliers.  A  standard  rectifier,  or  thermocouple 
for  RF  type  instruments,  is  also  mounted  to  the 


base  plate  in  alternating  current  instruments. 

In  addition  to  small  size  and  simplicity  of  design, 
MB  instruments  are  also  noted  for  their  fine  per¬ 
formance.  They’re  accurate  to  w  ithin  2“^  of  full  scale 
at  any  point;  are  sturdily  built  and  securely  sealed 
to  withstand  hard  use  and  to  give  long,  satisfactory 
service.  Available  in  round  and  square  shapes  .  .  . 
in  voltmeters,  millivoltmeters,  ammeters,  milliam- 
meters,  and  microammeters.  Write  for  full  details 
and  specifications. 
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in  one  unit.  A  small  control  box 
separated  from  the  other  equipment 
by  a  15-foot  length  of  cable  provides 
microphone  input  to  the  transmitter 
and  a  selector  switch  for  the  desired 
operating  frequency.  Operation  on 
c-w  telegraphy  is  possible  with  an 
addition  furnished  in  kit  form. 
There  are  several  features  which  in¬ 
crease  the  flexibility  of  the  trans¬ 
mitter,  such  as  removable  meters 
and  a  circuit  breaker  instead  of 
fuses. 


Five-Position  Switch 

General  Control  Co.,  1200  Soldiers 
Field  Road,  Boston  34,  Mass.  The 
Model  MCF,  5-position  cam-lever 
switch  has  a  single  hole  mounting. 
Of  the  five  positions,  all  but  the 
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center  can  be  made  locking  or  non¬ 
locking.  Fine  silver  contacts  are 
rated  at  10  amperes,  125  volts  for 
a-c  noninductive  loads.  A  single  bolt 
assembly  allows  removal  of  the  con¬ 
tacts  for  soldering  in  the  most  con¬ 
venient  location. 


Personal  Plane  Radio 

Aircraft  Radio  Corp.,  Boonton,  N. 
J.  Complete  two-way  airborne  com¬ 
munication  is  offered  the  private 
pilot  in  a  package  consisting  of  vhf 
five-channel  transmitter.  1-f  receiver 


CUSTOM  MOLDERS  OF 


FUSTIC  AND  RUBBER  PARTS 
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JOE  MACJERK^V 
STICKING  HIS  \ 
FINGERS  IN  HOT 
TELEVISION  SETS 
AGAIN! 
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LAST  TIME 
THE  BOSS  SWORE 
HE'D  CUT  JOE'S 
SALARY  AND  BUY 
"RADIO 

MAINTENANCE" 
k  FOR  HIM! 
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^RADIO^  MAINTENANCE  MAGAZINE  I 
)  BiOOWIELD?AVE.;  MONTCLAIR,  N.  J.r- 


PlooM  send  mo 
RADIO  MAINTENANCE 

□  For  1  year  2.00 

□  For  2  years  3.00 

NAME _ 

OCCUPATION _ 

ADDRESS  _ 


ZONE _  STATE _ 

□  CHECK  ENCLOSED* 

a  BILL  ME  LATER 

*NOTEt  Sy  Giiclosing  poyniGiit. 
thus  •liminoting  billing  nxpGnM 

WE  WILL  ADD  ONE  ISSUE  FREEI 
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and  control  unit.  The  transmitter 
utilizes  new  frequencies  assigned 
for  use  with  CAA  airport  stations. 
The  receiver  covers  190  to  550  kc, 
thus  including  service  from  range 
stations  outside  the  200-400  kc  band 


Sensitive  Relay 

Thomas  A.  Edison,  Inc.,  West 
Orange,  N.  J.  The  Model  103  relay 
has  been  designed  for  use  in  thermo¬ 
couple  and  photocell  circuits,  since 


ed  V>V  f  ";e  coo 

pse*'^'' 

dtoQ-  MO  6  <5- 

i-  of  4 


less  t 

«'  "’I'f'L.iOH 


it  requires  only  from  1  to  10  micro¬ 
watts  of  power  for  operation.  Con¬ 
tacts  will  handle  J  ampere  in  a  non- 
inductive  circuit.  Construction  of 
the  relay  is  an  inversion  of  the 
d’Arsonval  galvanometer  movement 
in  that  the  armature  is  a  permanent 
magnet  and  the  coils  are  stationary. 
Two  coils  are  supplied  so  that  they 
may  be  used  differentially  or  in 
series  aiding.  The  unit  is  enclosed 
and  mounted  on  a  standard  seven- 
pin  tube  base.  It  weighs  0.15  pound 
and  is  21  inches  high.  Diameter  is 
li  inches. 


Broad-range  Analyzer 

Weston  Electrical  Instrument 
Corp.,  Newark,  N.  J.  The  Model  779 
meter  has  five  overlapping  a-c  and 
d-c  voltage  ranges,  seven  d-c  cur¬ 
rent  ranges,  four  d-c  resistance,  and 
five  decibel  ranges.  Each  d-c  voltage 


r 


Gives  You  Pretious  Metal 
Performance  . . .  ECONOMICALLY 


A  Thin  Layer  of  Precious  Metal 


Solid  metal  performance  at  a  cost  slightly  more  than  base 
metal . . .  that’s  what  you  get  with  General  Plate  Laminated 
metals. 

In  addition  to  economy,  these  versatile  laminated  metals 
give  you  such  advantages  as  ease  of  fabrication,  workability, 
high  corrosion  resistance,  better  electrical  performance  and 
long  life.  They  are  available  in  flat  stock,  tube  or  wire  .  .  . 
inlaid,  covered  one  or  both  sides.  Some  fabricated  assem* 
blies  such  as  electrical  contacts  are  also  available. 

Investigate  General  Plate  Laminated  Metals,  today.  Use 
them  in  such  applications  as  electrical  equipment,  chem¬ 
ical  apparatus,  electronic  devices,  appliances,  mobile  equip¬ 
ment  and  instruments. 

General  Plate  engineers  are  available  for  consultation  on 
your  metal  problems.  Write  for  their  services. 


Hus  liMX|WNsiv.  Bgs.M.tol 


GENERAL  PLATE  DIVISION 

of  Metals  &  Controls  Corp.,  Attleboro,  Mass. 

50  Church  St..  Now  York.  N.  Y.;  205  W.  Wackor  Drivo.  Chicago,  III.;  2635  Pago  Drivo. 
.Altodono,  Californio;  Oronl  IMg..  Pittsburgh.  Po. 
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Conanf 

Instrument 

Rectifiers 

(  ^ 

I  SPECIFICATIONS  (STANDARD  TYPES) 
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Over  ninety  per  cent  of  all  rectifier  requirements  are  served  by  12  tyi)es— 4  basic 
assemblies  in  3  series.  These  3  series  are  the  three  primary  units  of  Conant  rec¬ 
tifiers.  Special  types,  however,  can  be  developed  as  needed,  and  you’ll  find 
Conant  ready  to  cooperate. 


SHIES  500  UNITS  are  for  general  applications  requiring  greater 
output  current  for  meters,  relays  or  other  apparatus  requiring  more 
than  1  milliampere.  Recommended  for  all  such  applications  at  com* 
mercial  and  the  lower  audio  frequencies.  Will  also  operate  up  to 
50,000  c.p.s.  in  special  applications  wherein  accuracy  of  readings  is 
not  essential. 


SERIES  160  and  ISO-C  are  for  applications  requiring  good 

and  audio 


fre¬ 
quency  response  over  the  entire  commercial  and  audio  range  and 
especially  when  the  meter,  relay  or  other  apparatus  requires  less 
than  1  milliampere  for  operation.  In  some  special  applications  these 
units  may  be  operated  at  frequencies  up  to  15,000,000  c.p.s.  with 
special  circuit  treatment 


SPECIAL  TYPES  are  available  in  both  series  500  and  160-C.  When 
requesting  a  quotation  on  a  special  type  include  a  sketch  of  the 
rectifier  required  or  a  circuit  diagram  showing  source  and  fre¬ 
quency  of  the  input  voltage,  resistance  and  kind  of  load,  required 
load  current  and  the  ambient  temperatures. 

SERIES  SOO  Disc  diameter  .500  inch.  Area  each  disc  .15  square  inch. 
Furnished  with  3*  braided,  tinned  copper  leads.  Finish^  in  dear 
lacquer.  Nickel  plated  end  plates. 

SERIES  160  Disc  diameter  .160  inch.  Area  each  disc  .02  square  inch. 
Furnished  with  3"  stranded,  tinned  double  silk  covered  copper 
leads.  Nickel  plated  case.  Assembly  sealed  with  speciaUy  developed 
moisture  proof  compound. 

SERIES  160-C  Disc  diameter  .160  inch.  Disc  area,  lead  wire  and 
length  and  moisture  proof  seal  are  identical  with  Series  160.  Dimen¬ 
sions  of  the  nickel  plated  case  have  been  reduced  to  the  most  com¬ 
pact  size.  These  units  may  be  mounted  in  a  standard  midget  fuse 
clip. 

Conant  Instrument  Rectifiers  are  available  from  leading  radio  job¬ 
bers  everywhere— consult  your  local  jobber. 


ELECTRICAL  LABORATORIES 


6500  0  STRRT,  LINCOLN  5,  NEMASKA,  U.  S.  A. 


2?  -  51 8  C;ty  Bonk  BMg..  Kontos  City  8,  Mo.  1 526  Ivy  St..  Denvor,  Colo 

^  '  O*’*®  -  ^  Comp  St..  Dallo»  2.  To«o.  42  U  Coontry  Club  Dr.,  long  Booch  7.  Col 

L*  •  ^  C®-  F*POrt  Div..75  Wo»l  Sl-.Now  Yofic  6.N.  Y 

1215  Hormen  PI.,  Mmneopolii  3.  M«n«.  40 1 8  Greer  Ave.,  St.  loots.  Mo.  50  Yormoolh  Rd.,  Torooto,  Conodo 


range  is  available  at  1,000  or  20,000 
ohms  per  volt.  Readings  are  made 
on  a  standard  4-inch  50-microampere 
meter.  The  instrument  is  contained 
in  a  wooden  carrying  case  6i  x  9i  x 
4i  inches. 
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Vitreous  Resistors 

Ward  Leonard  Electric  Co.,  Mount 
Vernon,  N.  Y.  announces  the  addi¬ 
tion  of  the  type  M  vitreous  enameled 
resistors  to  the  standard  line.  Re-' 
sistance  values  from  0.1  to  80,000 
ohms  with  tolerances  above  one  ohm 


plus  or  minus  5  percent  are  avail¬ 
able.  They  meet  Army-Navy  speci¬ 
fication  JAN-R-26  for  characteristic 
F  resistors.  Power  ratings  are  from 
8  to  155  watts  and  continuous  opera¬ 
tion  at  275  C  is  possible. 
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Totalizing  Resistance  Decade 

The  Daven  Co.,  191  Central  Ave., 
Newark  4,  N.  J.  In  order  to  obviate 
errors  in  reading  and  totalizing  the 
resistance  set  up  on  a  decade  box  in 
laboratory  and  factory  measure¬ 
ments,  the  type  751  is  provided  with 
a  counter  dial  which  displays  the 
total  number  of  ohms.  This  feature 
has  also  been  included  in  an  attenu¬ 
ator  network  and  calculating  indi¬ 
cator  manufactured  by  the  same 
company. 
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Studio  Console 

Raytheon  Manufacturing  Co., 
Waltham,  Mass.,  has  just  released 
details  of  a  speech  input  studio  con¬ 
sole  suitable  for  use  in  either  a-m  or 
f-m  broadcasting.  One  arrangement 
of  the  equipment  would  allow  its  use 
in  handling  two  studios,  a  control 
room  announcing  microphone,  two 
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NEW  GROMMET 


SPRING  ASSEMBLY 


I  'rii 


CUT-AWAY  VIEW  OF 
COMPLETE  DZUS  ASSEMBLY 


Dzus  engineers  have  helped  industry  solve  many 
intricate  fastening  problems  by  knowing  just  the 
right  type  of  fastener  head  to  fit  a  given  application. 
Shown  here  are  just  a  few  of  the  many  different 
styles  available  to  meet  practically  any  requirement. 

Simple,  light,  durable —  these  Dzus  spiral  cam 
fasteners  can  be  installed  in  any  solid  or  laminated 
materials  —  wood,  metal,  fiber,  canvas,  plastics,  etc., 
regardless  of  thickness.  Look  to  Dzus  for  the  answer 
to  your  fastening  problem.  Dzus  Fastener  Co.,  Inc., 
Babylon,  New  York.  In  Canada :  Railway  and  Power 
Engineering  Corp.,  Ltd. 


SEND  to  Dept.  E  for  a  copy  of  the  new  Dzus  catalog.  More  and  more 
manufacturers  in  all  fields  of  industry  are  finding  that  Dzus  spiral  cam 
fasteners  squarely  meet  all  the  requirements  for  a  dependable  fastener. 

^  Th«  word  Dsu»  is  Hto  ro9istorod  trodo  mark  of  tho  Dzus  Fastorwr  COv  Inc 


You  get  OUT  of 


Photo  liy 
U.  8.  Auto 
Radiator  Co., 
Inc.,  Brooklyn, 
N.  Y. 


your  product  exactly  what  YOU 
PUT  INTO  IT! 


TOP  performance  and  long  life  are  the  two 
things  every  manufacturer  aims  to  get  out 
of  his  product,  to  retain  customer-popularity 
against  ever  growing  competition. 

Where  inferior  materials  are  used,  product 
failure  results.  You  get  OUT  of  your  product 
exactly  what  YOU  PUT  INTO  IT! 

Nowhere  is  this  more  forcefully  demon¬ 
strated  than  in  Glaser  Solders  and  Fluxes. 
Through  peace  and  war,  for  over  twenty-four 
years,  they  have  withstood  the  severest  service 
tests. 

This  explains  the  steady  trend  toward  Glaser 
Plastic  Solder  for  Radio,  Radar,  fine  electrical 
instruments,  and  Electronics  in  general.  Tech¬ 
nicians  in  these  fields  have  learned  that  Glaser 
"quality"  products  are  dependable. 

Put  Glaser  Solder  into  your  product  for  the 
"sustained  performance"  that  safeguards  your 
prestige. 

Consalf  our  Engineering  Department 
on  your  soldering  and  tlux  problems. 

GLASER  LEAD  CO..  INC. 

31  WyckofF  Avenue.  Brooklyn  27,  N.  Y. 


OUR  24TH  YEAR  OF  DEPENDABLE  SERVICE  TO  AMERICAN  INDUSTRIES 


turntables  and  14  incoming  lines.  A 
feature  of  the  circuit  wiring  permits 
studio  auditioning  of  a  preceding 
program,  but  prevents  simultaneous 
connection  of  microphone  and 
speaker  in  the  same  room,  thus 
avoiding  audio  feedback.  Power  is 
furnished  from  a  separate  pack. 
Frequency  response  of  either  the 
line  or  monitor  amplifier  is  flat 
within  plus  or  minus  2  db  from  30 
to  15,000  cps.  At  an  operating  level 
of  20  db  the  signal-to-noise  ratio  is 
about  60  db. 


Power  Pack 

James  Millen  Manufacturing  Co., 
Inc.,  150  Exchange  St.,  Malden, 
Mass.  The  Millen  90201  power  pack 
has  been  designed  to  mount  directly 
on  the  chassis  of  a  complete  equip- 


OTHER 

GLASER  PRODUCTS 

Silver  Broxing 
Solder  oud  Flux 

Fluxes  for 
every  purpose. 

Lead  Products  of 
every  description. 

Lead  Lining  of  acid 
and  plating  tanks. 

ftlcner  RosIb  Cere  Solders 
exceed  eoYereeieef  specMee- 
Hees  hi  perlfy,  end  ere 
geereeteed  fe  meet  A.S.T.M. 
Close  A  specHkotleM  for 


ment  or  to  operate  as  a  portable 
unit.  Safety  covers  are  provided  for 
the  high-voltage  terminals.  Regu¬ 
lated  voltage  up  to  200  volts  at  85 
milliamperes  and  •  unregulated  volt¬ 
ages  up  to  350  volts  d-c  are  obtain¬ 
able  as  well  as  6.3  volts  a-c. 


R-f  Amplifier  Tube 

Sylvania  Electric  Products  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y., 
announces  a  new  tube  designed  espe¬ 
cially  for  f-m  and  television  receiver 
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ARE  THESE  YOUR  QUESTIONS 

ABOUT  DIRECT  PROCESS 


Wilt  I  need 

specially  trained  operators 
to  make  BW  black  line  prints? 

No —any  intelligent  person  can  quickly  learn  to  make 
Bruning  BW  Prints,  with  their  black  lines  on  white 
backgrounds.  Remember,  too,  that  even  the  high  volume 
Bruning  printer-developers  require  only  one  operator. 
All  Bruning  equipment  is  designed  for  ease  of  use. 
Operation  is  exceptionally  simple— no  complicated  gad¬ 
gets  to  confuse  operator. 


Can  I  have 

cut  sheet  and  roll 

stock  production,  too? 


Yes— Bruning  BW  printing  and  developing  machines 
offer  you  the  advantages  of  either  roll  stock  or  cut  sheet 
production.  When  cut  sheets  are  used,  Bruning  provides 
sheets  of  BW  sensitized  paper  cut  to  the  exact  size  of 
your  tracings— thus  saving  trimming  time  and  waste. 
The  Bruning  line  of  equipment  is  complete— providing 
exactly  the  right  equipment  for  your  needs. 


BLACK  LINE  PRINTS? 


05- 


How  much  space  will  I  need 
to  install  BW  equipment? 

Because  it  is  so  compact  in  construction,  BW  printing 
and  developing  equipment  can  be  installed  in  a  corner 
of  your  drafting  room  or  engineering  department,  or  in 
a  private  office.  The  Bruning  printer-developer  shown 
above— largest  of  many  Bruning  BW  machines— meas¬ 
ures  only  65"  wide,  61"  deep  and  71"  high.  Bruning 
equipment  requires  no  plumbing— no  provision  for  ex¬ 
haust  fumes,  l^ause  there  are  none. 


V  ^ - 

-  the  BRUNING  BW  SYSTEM 

You  Get  These  Six  ^  ^ 


3.  A  ..mput.  H„.  of 

green-tint*d  paper*,  nu".  orints,  BW  Tran*- 

,«Co«d  .w  film 

parent*  to  .apptement  orig  j 

for  inten.ifying  pencil  line*  m  reproa 


in  .h.  *».- 

6.  Continuing  researcn 
tomer'*  intere*t. 


ARLES  BRUNING  COMPANY,  INC. 

Sine*  1697 

YORK  CHICAGO  LOS  ANGELES 


1897 

CHICAGO 

Bofton  Detroit 

Milwaukee  Newark 

San  Francisco  Seattle 


LOS  ANGELES 
Houston 


Pittsburgh 


CHARLES  BRUNING  COMPANY,  INC. 

4712-18  Montrose  Avenue,  Chicago  41,  Illinois 
Cientlemen:  I  want  to  know  more  about  Bruning 
BW  Prints  and  equipment.  Please  send  me  informa¬ 
tion. 


tion 

Smme . 

Compsmy. 
Street . 
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r-f  stages.  Designated  the  7AG7, 
the  sharp  cutoff  pentode  features  a 
maximum  grid-plate  capacitance  of 
0.005  micromicrofarad  and  operates 
under  the  following  typical  condi¬ 
tions:  heater;  6.3  volts,  0.150  am¬ 
pere;  plate  voltage,  250;  current,  6 
milliamperes;  screen  voltage,  250 
volts;  current,  2  milliamperes.  The 
tube  is  supplied  in  a  T-9  bulb  with  8- 
pin  lock-in  base.  It  measures  2ii5 
inches  overall  and  has  a  maximum 
diameter  of  lA  inches. 
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Tunable-coil  Form 

James  Millen  Manueacturing  Co., 
Inc.,  150  Exchange  St.,  Malden, 
Mass.  The  No.  74001  coil  form  is 
permeability  tuned,  shielded  and 


D.  W.  ONAN  &  SONS 

3552  ReyohfM  Av«.  MlaMopelh  5.  Mlu. 


FOR  RADIO  AND 
ELECTRONIC  APPLICATIONS 

ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
ior  electronics  and  television  applications  as 
weU  os  ior  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact 
design  and  sturdy  construction. 
Suitable  for  mobile,  stationary  or 
emergency  service. 


CapocHy  rang*:  350  to  35,000 
wotts;  115  to  660  volts  A.C., 
50  to  800  cycl*s;  6  to  800  voHs 
D.C.;  combination  A.C. — D.C. 
typ*s. 


Model  bhown  it  from  W2C 
beries;  2000  to  3500  wotfi; 
powered  by  Onon  two-cyl¬ 
inder,  water-cooled  engine 


a  “Pocket-Size”  OSCILLOSCOPE 


equipped  with  prongs  so  that  it  can 
be  plugged  into  a  standard  octal 
socket.  The  base  is  low-loss  mica- 
filled  Bakelite;  the  i-inch  diameter 
form  is  polystyrene,  suitable  for  use 
up  to  35  megacycles. 
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Interference  Filter 

Sprague  Products  Co.,  North  Ad¬ 
ams,  Mass.,  is  manufacturing  a  line 
of  small,  self-contained  filter  units 
called  Filterols.  They  are  designed 
to  be  mounted  on  the  frame  of  the 
device  causing  interference  and  con¬ 
sist  of  a  network  with  three  connec- 


2M 
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Reduce 

^  DISTORTION. ,3 

PROVIDE  MORE  UNIFORM 
TUBE  CHARACTERISTICS 
WITH  ANODES  OF 


ONE  OF  the  big  advantages  of  using  graphite  for 
anodes  is  the  high  thermal  emissivity  of  this 
remarkable  material.  Because  “National”  graphite 
is  almost  an  ideal  black  body,  it  is  a  nearly  perfect 
heat  radiator.  In  fact,  no  other  anode  material  even 
approaches  “National”  graphite  in  this  respect. 

This  means  that  anodes  of  “National”  graphite 
will  operate  at  lower  temperatures  for  a  given 
amount  of  energy  dissipated.  Thus,  all  tube  parts 
will  operate  at  a  lower  temperature,  resulting  in  less 
distortion  and  more  uniform  tube  characteristics. 

In  addition  to  this  important  property,  here  are 
others  that,  combined,  make  “National”  graphite  a 
most  valuable  anode  material:  High  electrical  and 
thermal  conductivity,  low  electron  emission,  ex¬ 
tremely  low  thermal  expansion,  and  no  melting 
point!  Furthermore,  graphite  can  be  machined  into 
intricate  shapes  to  very  close  tolerances. 


The  full  story  on  the  possibilities  of  graphite  for 
your  anodes  may  be  had  by  getting  in  touch  with 
National  Carbon  Company,  Inc. 

This  graph  shows  the  total  energy  radiation  from  gra¬ 
phite  and  other  anode  materials  in  watts  per  sq.  cm. 


riATionli 


Unit  of  Union  Carbide  and  Carbon  Corporation 
The  word  '’National"  is  a  registered  trade-mark 
of  National  Gubon  Company,  Inc. 


UZZ 


General  Offices:  30  E.  42nd  St.,  New  York  17,  N.  Y. 
Division  Sales  Offices:  Atlanta,  Chicago,  Dallas, 
Kansas  City,  New  York,  Pittsburgh,  San  Francisco 
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TIm  No.  10007,  8,  and  9  group  of  idckol  sllvor 
plain  dials  with  spocially  dosignod  matching 
knobs  havo  occurotoly  roomod  brass  bushings 
so  as  to  insuro  concontricity.  Tho  dials  thorn- 
soivos  arm  insulotod  from  tho  hubs  by  moons 
of  spocor  ring  moldod  as  port  of  tho  knob.  Tho 
small  10007  unit  is  ovailabio  wHh  oHhor  180° 
standard  scalo  or  280°  for  polontiomotor  uso. 
No.  10065  is  vomior  drivo  dovico  for  uso  with 
No.  10008,  3Vi"  dial,  tho  knobs  oro  also 
ovailabio  less  dials,  for  othor  usos. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


tions  one  of  which  is  grounded  to 
the  can.  Three  types  in  the  range 
from  1  to  35  amperes  at  115  volts  a-c 
or  d-c  and  one  unit  for  220  volts  a-c 
or  d-c,  rated  at  20  amperes,  are  pres¬ 
ently  available. 


Amateur  Crystals 


Bliley  Electric  Co.,  Erie,  Pa.,  has 
announced  a  new  plated  crystal  for 
amateur  frequencies.  Secondary  elec¬ 
trodes  under  spring  pressure  clamp 


the  Type  AX2  plated  crystal  sur¬ 
faces  to  provide  better  thermal  dis¬ 
sipation  and  improved  frequency 
stability  under  high-drive  condi¬ 
tions. 


Lightweight  Telephone  Wire 

United  States  Rubber  Co.,  1230 
Sixth  Ave.,  New  York  20,  N.  Y.  De¬ 
signed  with  geophysical  prospecting 
in  mind,  a  small-diameter  wire  is 
dipped  in  insulating  material  which 
has  remarkable  resistance  to  rough 
handling.  The  resultant  conductor 
is  light  in  weight  and  therefore  suit¬ 
able  for  uses  wherein  quantities 
must  be  carried  by  hand. 


Audio  Frequency  Meter 

General  Electric  Co.,  Syracuse, 
N.  Y.,  has  announced  a  new  audio 
frequency  meter.  Type  YE-6,  which 


Gia?! 


Here'*  Yoor  Opporlunily  to  be  First  to 


Start  Your  Own 
RADIO  SERVICE 
SHOP 


Complete  Starting-in-Business 
Package  Stocks  of 


TEST  EQUIPMENT 
TUBES,  PARTS,  TOOLS 

Act  quickly!  Meet  the  pent  op  demand  loi 
radio  service  Turn  your  special  service  training 
into  a  profitable  business  of  your  own.  No  fusi 
No  worry  Here  s  everything  you  need — S350 
up  Details  upon  request'  Write,  wire  or  phone 


RCP  448 


°'FOCKn"  VOM 
A.C..D.C.  VoH* 

&-5-60-250-1000 
D.C.  Mills 
0-.5-10-100-1000 
Ohms 

0-2,000-20,000-20a000- 

2  Meg. 

Ms* 


$24.50  net 


RECORD  CHANGERS 

UTAH.DITROIA  «5SOC . $18.27 

WIMTIR-CNfCAeO  f  S« .  27.20 


HALLICRAFTERS  SX-28A 


SUPER  DEFIANT . SX25  $94.S0 

SKY  CHAMPION  . 820R  60.00 

8KYRIDER  MARINE  . 822R  74.S0 

840  NEW  MODEL . Approximately  79.50 

SKYRIDER  JR.841 .  08.50 


HAMMARLUND  HQ-I29-X$I29 


TRIPLETT  625-N 

20000  ohms  per  volt  D.C. 

10000  ohms  per  volt  A.C. 

5'  Scale-TOP.MOST  QUALITY 
(12)  D.C.  Volt  Ranges  to  5000 
(6)  A.C.  Volt  Ranges  to  5000 
(3)  OHM  Ranges  0-400-50000- 
10  Meg. 

(5)  D.C.  Current  Ranges  1  Ma. 
to  10  Amp. 

PLUS  OUTPUT  and  DB. 
RANGES 

$45.00  with  test  lesds. 


PHILCO  BEAM  OF  LIGHT 

Manhim  (Ml  only,  no  holder . I'FO 


20%  depont  required  on  all  C.O.D.  ordert.  2% 
tnuportation  allowanee  on  ordert  of  $25.00  or 
more  noeomptnied  by  payment  in  full. 


KMb'lO  SUPPLY  & 
ENGINEERING  CO.,  Inc. 


127  SEIDEN  AVE 


DETROIT  1,  MICH. 
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M 


Selector 


H^MEPlWE 


lU^eyercor  ^ 

coinw*®**** 


World's  Largest  Decalcomania  Manufacturers 
WEST  LAKE  STREET  •  •  •  CHI 


THIS  PRACTICAL  '^SLIDE-RULE^^ 
WILL  HELP  YOU  SELECT  THE  RIGHT 


Don’t  take  a  chance  on  just  “any  Decal’’ 
to  do  your  product  identification  job. 
Conditions,  type  and  use  of  surface 
should  determine  the  kind  of  Decal  and 
adhesion  method.  Meyercord  techni¬ 
cians  have  prepared  this  Decal  Selector 
to  assist  in  the  selection  of  the  right 
Decal... for  use  as  trademarks,  instruc¬ 
tions,  patent  data,  etc.... particularly 
on  difficult  surfaces.  There’s  a 
Meyercord  Decal  for  every  surface. 


from  standard  Kwik-Ways  to  highly 
specialized  types  resistant  to  acid,  abra¬ 
sion,  temperature  extremes,  moisture..; 
for  application  on  any  shape  or  kind 
of  commercial  surface.  No  rivets,  bolts 
or  screws  required.  They  can  be  pro¬ 
duced  in  any  size,  design  or  number 
of  colors.  Write  today  for  the  new 
Meyercord  Decal  Selector  to  help  you 
specify  the  right  Decal.  Please  address 
your  inquiries  to  Department  9-6 
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It  com*!  in  !udd*aly  and 
go*!  out  rapidly  . . .  it's  sur> 
plus  motoriol  that  Honroy 
coroiully  s*l*ots  b*caus*  w* 
know  it  will  b*  Toluobl*  to 
torn*  laboratory  or  plant. 
B*low  or*  a  tow  r*pr*s*n< 
totiT*  Bomplos  of  tb*  sur¬ 
plus  buys  in  stock  wh*n  this 
publication  wont  to  prsss. 
Som*  of  tb*s*  may  no  long*r 
b*  aToilabls,  sine*  monti- 
ti*s  or*  g*n*rally  limltod, 
but  tb*r*  will  b*  otbors  .  .  . 
laboratory  and  production 
lost  oquipmont  in  first  class 
condition  .  .  .  Just  as  us*ful. 
iust  os  low  pricodi  If  what 
you  wont  is  not  listod,  k**p 
in  touch  with  us.  W*  con 
probably  supply  It  sees. 

BC-221 — 125  to  20.000  kc.  Fr*- 

qu*ncy  M*t*r  . $3f*50 

SC-M22-A — ^Laboratory  Standard 
Signal  G*n*rator;  34-134  Me.; 

.1  Tolt  output . $7f.50 

NC-IOO-ASD — Simol  Corps  Com¬ 
munications  B*e*iT*r;  200-400 
and  1300-30.000  kc.;  a.T.c.  and 

b.f.o . $115.00 

LM-IS — Nary  Crystal  Calibrated 
Frequency  Meter;  125  kc.  to  20 
Me.  Complete  with  spore  parts. 

spar*  tubes,  spar*  crystal . 

$125.00 

RBL-3  —  NoTy  Long  War*  He- 
ceiTor;  15-600  kc.  in  6  bands; 

with  spares  . $5f.50 

GR  805A — ^Laboratory  Signal  Gen- 

eraior  . $750.00 

RG-ll/U— 73  Ohm  Coaxial  Coble. 
Minimum  length  100  feet,  per  ft. 
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Carter  Dynamotor — 5.5  Tolt  input; 

350  Tolt,  150  mils  output.  Brand 

new  . $14.f5 

Precision  Crystal  Unit  CR-IA/AR 

—Grad*  A;  5000  kc . $1.05 

0-4/ARC-5  —  Crystal  Oscillator 
Unit  including  2  Pierce  oscilla¬ 
tors  and  modulator.  Complete 
with  four  9002  tubes....  $4.95 
Hewlett-Packord  200  BR  Audio 
Oscillator  —  20-20,000  cycles; 
rock  mounting  . $100.00 

Ram^mbdr,  for  nows  of  surplus 
you  cau  uso.  call  HARVEY  firsff 

Tolopbooo:  LOogacro  3-1800 


103  Wost  43rd  St.^  Now  York  18,  N.  Y. 


will  be  found  useful  in  many 
branches  of  the  electronic  field  for 
a-m  and  f-m  broadcasters,  in  tele¬ 
metering  and  in  various  phases  of 
manufacturing.  A  range  switch  is 
provided  so  that  maximum  accuracy 
of  readings  from  less  than  20  pulses 
per  second  to  50,000  cps  is  provided. 
Input  voltage  for  operation  of  the 
meter  can  vary  between  106  and  125 
volts  with  no  more  than  1-percent 
variation  above  or  below  the  true 
reading. 
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Power  Triode 

General  Electric  Co.,  Syracuse, 
N.  Y.,  announces  manufacture  of  a 
new  three-electrode  transmitting 
tube,  type  7C29,  particularly  de¬ 
signed  for  operation  up  to  110  mega¬ 


cycles  as  a  class  C  r-f  amplifier. 
Plate  dissipation  under  forced  air 
cooling  is  600  watts.  Typical  opera¬ 
tion  in  an  open-line  circuit  with  a 
plate  voltage  of  2,800  volts  shows  a 
power  output  per  tube  of  600  watts. 
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Pipe  Locator 

Nilsson  Electrical  Laboratory, 
Inc.,  103  Lafayette  St.,  New  York  18, 
N.  Y.  The  Model  112  pipe  locator 
consists  of  a  transmitter  and  re¬ 
ceiver.  The  transmitter  unit  is  con¬ 
nected  to  the  pipe  or  conduit  and 
remains  stationary.  The  receiver, 
equipped  with  a  three-stage  ampli¬ 
fier  and  headphones,  is  used  in  trac¬ 
ing  the  pipe  by  a  signal  which  at- 


POSITIVE  PRINT 
PAPERS 


ELIMINATE 
THE  NEGATIVE 

In  Print  Making 

You  Save  Time  With  Wei- 

'  iine  .  .  .  lots  of  time  ...  by 
producing  positive  prints  di¬ 
rect  from  your  engineering 
drawings. 

You  Eliminafefhe  Negative 

. . .  and  get  perfect  woric-prints 
every  time.  The  dry  -  direct 
process  uses  no  wet  chemicals. 
No  washing  and  drying.  No 
curling. 

You  get  Choice  of  Blue  or 
Red  Line  Prints  on  white  back¬ 
ground.  Helps  to  tell  prints 
from  different  depts. 

I 

You  get  Intermediafe 

Originals  with  Sepia  lines  on 
transparentized  paper  . . .  that 
save  draftsman's  time  in  mak¬ 
ing  design  changes  .  .  .  and 
speed  up  print  production. 

Writm  for  from  Sample 
Book  and  Full  Information 

ADDUSS  DfFT.  RL 


J.  H.  WEIL  &  CO. 

1315  CHERRY  STREET 
PHILADELPHIA  7,  PA. 

:^KAFTING  MATERIALS 
SENSITIZED  PAPERS 
-  ENGINEERING  INSTRUMENTS 
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The  1N35  Duo-diode,  a  new  circuit  element 
developed  by  Sylvania  Electric,  consists  of  two 
Germanium  Crystal  Diodes  mounted  in  a  single 
assembly  that  facilitates  mounting. 

The  two  crystal  diodes  are  matched  for 
values  of  forward  and  back  resistance,  under 
conditions  typical  of  those  anticipated  in  actual 
use.  In  addition,  the  1N35  is  tested  for  R.F. 
loading  on  a  tuned  circuit. 

The  1N35  is  valuable  wherever  full -wave 
rectification,  modulation  or  demodulation  is 
required  in  a  balanced  circuit.  Potential  appli¬ 
cations  include  FM  discriminators,  bridge  rec¬ 
tifiers,  ring  modulators,  demodulators,  and 
varistors. 

TENTATIVE  SPECIFICATIONS 
Each  diode  used  in  the  1N35  has  the  following 
tentative  characteristics: 

Peak  Inverse  Anode  Voltage  50  volts 

Peak  Anode  Current  (sine  vrove)  60  mo  max 

Average  Anode  Current  22.5  ma  max. 

Surge  Current  (transient  peak)  200  ma  max. 

Back  Conduction  at  50  volts  '  2  ma  max. 

Operating  Frequency  Range  0-100  me 

Inquiries  are  invited  concerning  applications 
of  the  1N35. 


TYPICAL  CIRCUITS 

RIGHT  — The  1N35  in  frequency  discriminator  circuit. 
BELOW  —  Full  wove  rectifier  second  detector  circuit. 


SYLVANIAJP-ELECTRIC 

Electronics  Division  . . .  500  Fifth  Avenue,  New  York  18,  N,  Y. 

makers  of  electronic  DEVICES;  radio  TUBES;  CATHODE  RAY  TUBES;  FLUORESCENT  LAMPS.  FIXTURES.  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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RESISTS 


VIBRATION 


-.^8=0 


Rugged  —  precision  built  — resists  vibration.  Time  delay  control  ranging 
from  a  fraction  of  a  second  to  several  minutes.  Setscrew  adjusted. 
Write  for  complete  information  and  catalog.  No  obligation. 

A  G  A  S  T AT 

Electro'Pneumatic  TIME  DELAY  RELAY 

ILIZAIETH  A  O  A  NEWJERSEY 
AMERICAN  GAS  ACCUMUIATOR  COMPANY 


tains  maximum  audibility  closest  to 
the  pipe.  Distance  to  which  pipe 
may  be  traced  varies  upon  conditions 
and  may  be  from  2,000  to  5,000  feet. 
Carrying  case  to  hold  the  complete 
equipment  measures  15  x  9i  x  7i 
inches  and  total  weight  is  about  10 
pounds. 
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Vacuum  Variable  Capacitors 

Jennings  Radio  Manufacturing 
Co.,  San  Jose,  Calif.,  announces  de¬ 
velopment  of  a  new  variable  vacuum 
capacitor.  Seven  complete  revolu- 


On  special  mill  ship¬ 
ments  we  can  give 
prompt  delivery.  Also 
complete  fabrication 
service  backed  by  over 
20  years  of  experi¬ 
ence. 


ELECTRICAL 
INSULATION  CO.,  INC. 

12  Vestry  St.,  New  York  13,  N.  Y, 


tions  of  a  shaft  are  required  to  cover 
the  range  of  capacitance  so  that  no 
additional  vernier  is  necessary.  The 
models  illustrated  have  ranges  of  50 
to  250  and  5  to  25  micromicrofarads, 
with  peak  voltages  of  10,000  and  20,- 
000  volts,  respectively. 
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Coil  Checker 

Starr  and  Thornbury,  4101  Rhodes 
Ave.,  North  Hollywood,  Calif.  The 
Kartron  Coil  Checker  is  essentially  a 
device  to  measure  the  Q  of  a  coil,  and 
is  useful  in  manufacturing  to  indi¬ 
cate  shorted  turns  or  open  windings. 
An  average  operator  can  check  as 
many  as  5,000  coils  a  day,  detecting 
a  single  shorted  turn  of  number  44 
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Magnavox... 

loud-speaker  headquarters  since  191S 


The  electrodynamic  speaker,  invented 
by  Magnavox  engineers  in  1915,  revo¬ 
lutionized  the  world  of  sound  and  made 
possible  the  development  of  all  modem 
public  address  systems,  radios  and  movies. 
Now,  after  three  decades  of  continuous 
research  and  development,  Magnavox  is 
not  only  the  oldest,  but  also  the  largest 
manufacturer  of  quality  speakers. 

Magnavox  designers  and  engineers 
have  achieved  a  breadth  of  experience  and 
knowledge  that  enables  them  to  meet  your 


specifications  exactly.  Magnavox  supplies 
quantity  requirements  of  the  manufactur¬ 
ing  trade  —  over  150  models  are  offered. 

Our  staff  of  trained  engineers  and 
designers  stands  ready  to  apply  its  develop¬ 
ments  to  any  of  your  speaker  and  com¬ 
ponent  problems.  Feel  free  to  call  on 
them  at  any  time.  And  when  you  need 
speakers — specify  Magnavox!  There  is  no 
substitute  for  experience.  The  Magnavox 
Company,  Components  Division,!  Fort 
Wayne  4,  Indiana. 


Th«  ll•ctrodynamtc  Speaker 

— the  first  voice  of  all  modern 
sound  reproduaion. 


has  served  the  radio 


industry  for  over  30  years 
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BURGESS 

simplifies  your 
problem  of 

NEW  DRY 
BAHERY 
DESIGN 


FOR  SPECIAL  APPLICATIONS 

. .  .  Burgess  makes  it  easy  to  de¬ 
velop  just  the  battery  you  need  for 
new  instruments  or  electronic 
equipment. 

USE  THIS  HANDY  CHECK  SHEET 

. . .  you  can  easily  fill  in  the  com¬ 
plete  details  required  for  your  spe¬ 
cial  battery  . . .  enables  Burgess 
engineers  quickly  to  provide  you 
with  correct  and  complete  data  on 
just  the  battery  you  need. 

Send  for  this  free  check  sheet  to 
put  at  your  disposal  the  complete 
Burgess  engineering  facility. 


HUNDREDS  of  special  batteries 
have  been  developed  by  Burgess 
engineers  for  new  applications . . . 
the  battery  you  need  may  be 
among  them.  Consult  Burgess 
today! 

SEND  THIS  COUPON! 


BURGESS  BATTERY  CO. 

Freeport,  Illinois  Dept.  E-6 

Send  me  the  free  check  sheet  to  aid  in 
new  battery  development. 

Name _ 

Company _ 

Addfvn _ 

cam  Statm.  - - 


wire  in  a  winding  of  10,000  turns. 
There  is  no  danger  of  electrical 
shock  to  the  operator.  The  coil 
checker  operates  from  a  110  to  120 
volt,  60  to  60  cps  line.  Overall  di¬ 
mensions  are  6  x  6  x  12  inches.  List 
price  is  $150. 
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Supersonic  Generator 

Fisher  Scientific  Co.,  717  Forbes 
St.,  Pittsburgh  19,  Pa.,  and  Eimer 
and  Amend,  Greenwich  and  Morton 
Streets,  New  York  14,  N.  Y.  The 
Crystalab  Ultra-Sonorator  produces 
500  watts  of  radio-frequency  energy 
at  100,  400,  700  and  1,000  kilocycles. 
Input  power  is  obtained  from  any 
110-volt,  50  to  60  cps  line.  These 
units  are  suggested  as  having  use¬ 
fulness  in  application  of  supersonic 
energy  to  physical,  chemical  and  bio¬ 
logical  fields  of  research. 
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Grid-control  Rectifier 

Electrons  Incorporated,  127 
Sussex  Ave.,  Newark  4,  N.  J.,  an¬ 
nounce  a  new  grid-control  xenon-gas 


rectifier,  tjrpe  EL  C8J.  Filament 
voltage  is  2.6;  current,  9  amperes; 
peak  forward  voltage  750 ;  peak  plate 
current,  30  amperes.  The  tube  is 
6i  inches  long. 
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Direct-coupled  Amplifier 

Amplifier  Company  of  America, 
396-398  Broadway,  New  York  13, 
N.  Y.  The  Model  ACA-IOODC  am¬ 
plifier  has  been  designed  for  studio 
monitoring,  microphone  and  speaker 
measurements  or  any  other  exacting 
audio  service.  Response  from  20  to 
20,000  cps  is  within  plus  or  minus 
1  db.  The  amplifier  develops  23  watts 


A  major 
advancement 
in  the 

recording  blank 
field . . . 


GUARANTEE 

» _ 

60UU>-M00DY 

'^ititASccu: 

ALUMINUM 
RECORDING  BLANKS 

•  •  •  of  no  incf  oose 
in  price  I 


Aft*r  prolongtd  r«««arcli  and  niptri* 
nwntatlon,  wn  hava  infrodwcnd  fachno- 
logical  improvamantt  Into  "Black 
Saal"  blanks  that  not  only  Incraosa  Ufa 
span,  but  motarlolly  anhanca  tha  othar 
finar  charactarlstics  of  thasa  blanks. 
And  so  positiva  ara  wa  of  tha  worth 
of  thasa  parfactad  "Black  Saals"  that 
wa'ra  offaring  tham  to  you  on  an  un< 
conditional  ton*yaar  gvarantaa  bosis. 

You  con'f  oHord  to  o 
recording  hohthnht  •  •  . 

"Black  Saal"  blanks  will  not  rip  up, 
disintagrata  or  powdar  oftar  tha  first 
playing  if  kapt  in  storaga  for  any 
iong  pariod  of  tima.  You  ara  in  no 
dangar  of  losing  valuabla  racordings 
in  what,  up  until  now,  you  hava  con* 
sidarad  your  safa  library  of  racording 
blanks.  No  mattar  how  wall  you  may 
ba  satisfiad  with  your  prasant  blanks, 
you  can't  afford  to  ba  a  racording 
isolationist.  Try  "Block  Saals"— H,  for 
any  raason  whatsoavar,  you  oron't 
latiifiad,  raturn  tham  at  our  aipansa. 


THE  GOULD-MOODY  CO. 

395  BROADWAY  NEW  VURCU.  N.Y. 
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TELEVISION  Equipment 


POLARAD  Television 

SYNCHRONIZING  GENERATOR 


for  studio  •  laboratory  •  manufacturer 


Dual  Regulated  D.  C.  POWER  UNIT 

This  unit  consists  of  two  independently 
regulated  d-c  power  units  which  are  design¬ 
ed  to  meet  the  operational  requirements 
of  television  equipment  or  other  apparatus 
where  close  regulation  and  low  ripple  con¬ 
tent  are  important.  The  unit  mounts  in  a 
standard  type  relay  rack.  Dish-pan  Con¬ 
struction  is  used,  thereby  permitting  equal 
accessibility  to  front  and  rear  components. 

Each  Power  Unit  has  its  own  power 
switch,  fuses,  pilot  light  and  voltage  control. 

SPECIFICATIONS 

A.  C.  Line . 115  Volts,  50/60  cpt. 

D.  C.  Voltage  .  250-300  Ripple  less 

than  0.001% 

D.  C.  Current  . 400  MA  Each  Unit.  MODEL  PTIIID 

Impedance  less  than  1.50  ohms. 


Features 

Built  In  3"  oscilloscope  with  synchronized 
sweeps  for  viewing  important  pulse  wave 
forms. 

Synchronized  marker  system  for  checking 
pulse  width  and  rise  time. 

Past  lock-in  action  for  motion  picture  appli¬ 
cations. 


Wide  Band  VIDEO  AMPLIFIER 


Designed  for  use  as  an  oscilloscope  deflec¬ 
tion  amplifier  for  the  measurement  and  view¬ 
ing  of  pulses  of  eitremely  short  duration  and 
rise  time.  Supplied  in  a  portable  cabinet, 
X  22"  X  14-^",  and  consists  of  an 
amplifier  unit,  a  low  capacity  probe,  and  a 
power  unit.  Amplifier  gain  is  41.5  DB. 

The  arqplifier  is  supplied  with  a  frequency 
compensated  high  impedance  attenuator 
calibrated  in  10  DB  steps  from  0  to  50  DB. 
A  fine  attenuator  control  is  also  provided  to 
cover  a  range  of  10  DB. 

Frequency  Range.  Plat  within  ^  1 1/2  db  from  iOO 
cpi  to  20  MC.^ 

Input  Impedance,  a)  Probe:  12  MMF  -{-  470000 
ohms. 

b)  Input  Jack:  30  MMF  -4-  470000  ohms. 

Output  Impedance.  II  MMF  -|-  5000  ohms  each 


push  pull. 

Input  Voltage. 


/utpu 
sloe 
Max. 

with  probe 

Max.  Output  Voltage, 
(push  pull). 

*Low  frequency  range 
tions. 


100  ape  to  20  MC 

MODEL  V 


500  Volts 
56  Volts 


peak  to  peak 
peak  to  peak 


extended  per  specifica- 


-:ri- 

— ^ 

cl _ 

4= 

Television  Camera  CHANNEL  AMPLIFIER 


Designed  for  black  and  white  or  color  television  camera  chains, 
with  either  orthicons  or  iconoscopes. 


Can  be  used 


Extreme  stability,  insured  by  deriving  all 
pulses  from  leading  edge  of  master  oscilla¬ 
tor  pulse. 


The  features  incorporated  into 
this  amplifier  provide  maximum 
operating  flexibility. 


Wide  band  delay  line  for  adjusting  delay 
times  without  distorting  pulse  wave  forms. 

Dish-pan  construction  to  allow  for  maximum 
accessibility  for  maintenance. 

SPECIFICATIONS: 

525  line,  interlaced,  60  fields,  30  frames,  RMA 
synchronizing  pulses  held  to  tolerance  specified 
in  the  NRTPB  report  of  lt45. 


Frequency  Response:  db  1.5  db.  to  t 
megacycles.  Leu  than  2y,  tilt  for  60 
cps  square  wave. 

Gain:  Voltage  galn=50.  Input  level=: 
.02  volts  acrou  75  ohms.  Output=I.O 
volts  across  75  ohms. 

Faafunt:  Dual  output  tubes.  Streaking 
correction  for  inconoscopes.  Remote 
gain  and  black  level  control.  Gamma 
correction.  Video  black  level  auto¬ 
matically  held  constant  with  respect 
to  blanking  black  reference  regard¬ 
less  of  average  scene  brightness. 


735-8  LIBERTY  STREET, 
NEW  YORK  6,  N.  Y. 
REctor  —  2-0534 
REctor  —  2-4484 
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volts  and  variations  in  load  from  50 
to  600  volt-amperes.  Regulation  of 
the  Model  500  is  accomplished  elec¬ 
tronically,  without  moving  parts. 
Frequency  variations  as  much  as  10 
percent  have  no  effect  on  its  opera¬ 
tion.  Harmonic  distortion  is  less 
than  5  percent.  The  price  is  $98. 
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Audio  Meter 

Radio  Corporation  of  America, 
Camden,  N.  J.  The  model  306-A 
audio-frequency  meter  is  self-con¬ 
tained,  operating  from  a  117-volt,  50 
to  60-cps  line  and  requiring  70  watts 
of  power.  Frequencies  from  0  to 


For  110  Volts  (and  higher) 

A  RUGGED  UNIT.  Consumes  a  small  amount  of  current 
(under  one  milliampere)  and  has  dependable  long  life. 

Note  these  important  features  of  the  PLN-849  Pilot  Light: 

(1)  RESISTOR  INTEGRAL  with  socket  assembly.  Value 
to  suit  supply  voltage.  (2)  Moulded  Bakelite  Socket.  (3) 
Full'view  Jewel  Plastic  Cap  for  visibility  at  all  angles.  (4) 

Rugged  terminals,  binding  screw  or  permanent  soldering  type. 

(5)  High  resistance  to  vibration  or  shock.  (6)  Supplied 
complete  with  General  Elearic  Neon 
NE-51  Bulbs.  May  also  be  adapted 
to  accommodate  General  Elearic 
Radio  Panel  Bulbs  such  as  47,  44, 
etc.,  for  low  voltage  circuits.  Bulbs 
removable  from  front  of  panel. 

Write  for  Four  Page  Illustrated 
Brochure 


BUILT-IN 

RESISTOR 

HOUSED 

IN  SPRING 

CONTACT 

EYELET 


DI  AL  LIGHT  CD 


WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  ALg mquln  4-5180-1-2-3 


output  with  less  than  1-percent  dis¬ 
tortion.  Two  inputs  are  provided, 
each  500,000  ohms.  Outputs  of  low 
impedance  and  500  ohms  are  avail¬ 
able.  Power  consumption  is  150 
watts.  Overall  dimensions  are  17  i 
X  10  X  10  inches.  Net  price  of  the 
amplifier  is  $177  complete  with 
cables. 


A-c  Line  Regulator 

Sorensen  &  Co.,  Inc.,  Stamford, 
Conn.  A  low-cost  regulator  has 
been  designed  which  holds  line  volt¬ 
age  within  plus  or  minus  0.5  percent 
of  adjusted  value  during  variations 
of  input  voltage  from  95  to  125 


ERICSSON 

SCREW  MACHINE  PRODUCTS  CO,.  INC, 

25  lAEAMTTf  STREET  BR00Hv">*  1  ♦«  r 


Precision  That  Meets  Cost-and-Deiivery  Promises 


BUILT-IN 

RESISTOR 


This  part  w  as  turned  over  to  us 
with  costly  jig  fixtures  and  tools. 
But  to  keep  our  cost-and-delivery 
promises,  we  found  it  preferable  to 
retool  the  job  ourselves.  Tolerances 
on  this  part  ran  as  close  as  -I-.0005 
inches, — .0000.  All  machined  surfaces 
had  to  be  finished  to  super-smoothness. 
Such  precision  is  our  business  here 


at  Ericsson — has  been  for  more  than 
35  years.  We  are  glad  to  consult  with 
manufacturers  whose  products  are 
more  effectively  marketed  with  close- 
tcderance  parts  produced  economically. 


eSTABLISHCO  1*11 


New. . .  “DIALCO”  PLN-849  Pm  Light 

features  the 


New  Neon  NE-51  Bulb 

with 
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Speaking  of  stabilization 


With 

THESE 

Variations 


Outf, 

Hit  volt 

igo 

— 

You  get  THIS - 

STABILIZATION 

ONLY 

When  using  SORENSEN  ELECTRONIC  REGULATORS 


4 

Minutts 


SORENSEN  REGULATORS  ore  based  on  a  unique  prin¬ 
ciple  that  results  in  extremely  accurate  voltage  regulation 
—independently  of  variations  in  INPUT  VOLTAGE,  LINE 
FREQUENCY,  LOAD  &  POWER  FACTOR,  within  wide 
limits. 

Regulation  is  accomplished  electronically  without  mov¬ 
ing  parts  of  any  kind.  This  means  QUICK  RESPONSE, 
LOW  MAINTENANCE  and  LONG  LIFE. 

Whatever  the  peculiarities  of  your  regulation  problem, 
investigate  the  SORENSEN  REGULATOR. 

Here  are  a  few  of  the  characteristics  available  in  the 
various  models:  — 

•  Regulation  Accuracy . 0.2% 

•  Load  Ranges . 25  V.  A.  to  5  K.  V.  A. 

•  Harmonic  Distortion . 5%  max.* 

*  Less  than  2%— Special  Models. 

•  Response  Time . 6  cycles  max. 

•  Adjustable  output  voltage. 


500 


Load  range . 50  V.  A.  to  500  V.  A. 

Regulation  accuracy . ±;0.5% 

Price  . $98.00 

F.O.B.  Stamford,  Conn. 

Write  for  descriptive  bulletin 


SORENSEN  &  GO.,  INC 

375  FAIRFIELD  AVE.,  STAMFORD,  CONN. 


ELECTRONICS  — Jsse  1946 


279 


Cfc^ck  fiMte  Exdvtiv# 


★  SAVES  TIPS 

★  SAVES  TIME 

★  SAVES  EFFORT 

★  SAVES  WEIGHT 

★  SAVES  CURRENT 

★  SAVES  THE  IRON 


90  SECONDS 
READY  FOR  USE  «  •  ! 

Kwikheot’s  builNin  thermostat  main* 
tains  proper,  even  heat  for  most  effi* 
cient,  economical  operation.  Can't 
overheat  .  .  .  soves  tips  .  .  .  requires 
less  retinning.  Powerful,  225  watts, 
yet  light  weight  (14  oz.),  welUboU 
onced  with  cool,  protecting  handle. 
Complete  with  #1  tip  ...  $11.00 


50,000  cps  with  amplitudes  from  1 
to  200  volts  rms  can  be  measured 
with  an  accuracy  of  plus  or  minus 
2  percent.  Waveform  errors  are 
practically  eliminated.  The  unit 
measures  8i  x  19  x  13  i  inches, 
weighs  41  pounds  and  costs  $275  net, 
fob  Camden. 


Molded  Capacitors 

Nord  Manufacturing  Co.,  Inc., 
Bridgeport,  Conn.,  announces  a  new 
line  of  molded  tubular  capacitors. 
Available  in  capacitance  ranges  from 


0.001  to  0.1  microfarad  and  up  to 
1,000  volts  d-c,  the  new  units  have 
the  advantage  of  smaller  physical 
size  than  in  more  conventionally 
enclosed  types. 


Long-Life  Rectifier 

Federal  Telephone  and  Radio  Corp., 
Newark  5,  N.  J.  A  midget,  5-plate 
square-stack  selenium  rectifier  has 
been  designed  to  replace  the  rectifier 
tube  in  modern  portable  receivers 
which  employ  battery,  a-c,  or  d-c. 
Besides  having  many  times  the  life 
of  the  tsrpe  117Z6  tube  it  replaces,  its 
action  is  practically  instantaneous, 
no  warm-up  period  being  necessary 
for  its  operation.  The  type  403D- 
2625  unit  has  a  rated  current-carry¬ 
ing  capacity  of  100  milliamperes  d-c 


SPECIALIZED' 
PAPER 

FOR 

WIRE, 
WRAPPING 


A  vorioty  of  troatmonts  to  moot 
•vory  wiro  and  cabla  wrapping  ro- 
qwiramant  — ’  indvdos  crapaing  for 
pliability;  tuporior  strongth;  cor* 
rosion  rosistanco;  woathor  proofing 
and  spocial  attention  to  uniformity 
for  production  winding. 

Lot  US  help  you  find  the  most 
efficient  and  economical  Electrical 
Paper  for  your  purpose  —  send  us 
your  requirements. 


FREE  BOOK 

Contains  data 
k  an  Electrical 

^  Paper  proper* 

A  ties  and  a 

^  wide  variety 

of  samples. 


mo.  u.  8.V^  PAX.  orr. 


7  CENTRAL  PAPER  COMPANY 

/  IMCOMPOMMTiO 

/  2442  LRKESHORE  DMVL  MISKEGOIL  MICH 

P»ne»  M  lOSlOH  NT*  TOW.  »AlTI««0«f ,  MCHRm, 
Cincinnati.  Diribir,  cnio^,  st.  i6uiV  san  f«anciko 
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NB IV 


Chassis  Hole — iVu"  dia. 
Mounting  Centers— 
Mounting — Top  or  Bottom 


Chassis  Hole — lVi«"  dlo. 
Mounting  Centers — iMs" 
Mounting — Top  or  Bottom 


ills 

ill 

Chassis  Hole — iVis"  dio. 
Mounting  Centers — iVie" 
Mounting — Top  or  Bottom 


Chassis  Hole — iVis"  dia. 
Mounting  Centers — lVi«" 
Mounting — Top  or  Bottom 
With  or  without  Grounding  Lugs 


NON-MICROPHONIC 

(Miniature) 


Chassis  Hole — 1"  dia. 

Mounting  Centers — !%•" 
Mounting — Top  or  Bottom 
With  or  without  Grounding  Lugs 


Wir/fe  today  for 
complete  details 


Chassis  Hole —  dia. 
Mounting  Centers — 
Mounting — Top  or  Bottom 


HUGH  H. 

EBY 

INCBIPIIATEI 

1IW.CKLTEN  BUS. 
flllB..  PENNA. 
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RUGGED  Screw  Terminals 
for  a  RUGGED  Rheostat 


and  a  peak  inverse  voltage  of  330 
volts.  Less  heat  is  dissipated  than 
that  from  the  tube  rectifier.  It  will 
be  useful  in  other  apparatus  where 
requirements  are  comparable.  The 
unit  measures  li  x  li  x  iJ  inches. 


The  sturdy  screw  terminals  are 
integral  with  the  massive  ce* 
ramie  winding  core— a  great  core 
that  gives  25%  more  capacity. 
These  solid  screw  studs  cannot  he 
deformed  nor  ripped  loose. 

And  this  is  only  one  of  several 
exclusive  features  of  this  line  of 
rheostats,  ranging  from  50  to  500 
watt  capacity. 

Our  10  watt  and  25  watt  rheo¬ 
stats  also,  and  many  different 
types  of  Hardwick-Hindle  resist¬ 
ors,  offer  other  exclusive  advan¬ 
tages. 

Write  us  today.  Our  engineers 
are  at  your  service. 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Subsidiary  of  THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  ktabhsheo  ism  y  j  ^ 
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Metal  Detector 

Radio  Corporation  of  America, 
Camden,  N.  J.  The  electronic  metal 
detector  protects  product  quality  and 
expensive  finishing  machinery,  such 
as  saws,  plastic  molds  and  textile 
equipment  by  detecting,  rejecting  or 
marking  material  containing  bits  of 
metal.  Alarms  and  special  fittings 
for  specific  manufacturing  details 
can  easily  be  added  to  the  three 
standard  models  available.  The 
equipment  is  particularly  adaptable 
to  conveyor  belt  applications. 


Literature _ 
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7^/ FINEST  MICROPHONES 

recording/ 

'  -v .  A 

/‘M-  -  . 


AMPERITE 
VELOCITY 

MICROPHONE 
WITH 

PATENTED 
ACOUSTIC  ' 

COMPENSATOR 

^  ^  AMPERITE  KONTAK  MIKES 

’  IDEAL  FOR  AMPLIFYING 

\  \  -  STRINGED  INSTRUMENTS 

AMPLIFIER 

i  and  WITH  RADIO  SETS. 

\  ASK  YOUR  JOBBER  ...  WRITE  FOR  FOLDER 

AMPERITE 

j  .  Shl  BROADWAY  N  i  W.  V  O  H  K 


A/au/  P.  G. 
DYNAMIC 

WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


Lamps  and  Fuses.  Solar  Electric 
Corp.,  Warren,  Pa.,  has  just  re¬ 
leased  its  new  1946  catalog  describ¬ 
ing  a  complete  line  of  incandescent, 
fluorescent  and  special  lamps  as 
well  as  plug  and  cartridge  fuses. 
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Factors  and  Formulas.  I-T-E  Cir¬ 
cuit  Breaker  Co.,  19th  anti  Hamil¬ 
ton  Streets,  Philadelphia  30,  Pa. 
Bulletin  4508  includes  sections  on 
definitions  of  basic  units,  mensura¬ 
tion  conversion  factors,  electrical 
conversion  factors,  temperature 
conversion  formulas  and  prefixes. 
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Standard  Radio  Symbols.  Sun  Ra¬ 
dio  and  Electronics  Co.,  Inc.,  122- 
124  Duane  St.,  New  York  7,  N.  Y.. 
has  reissued  the  two-page  chart. 
“Graphical  Symbols  for  Electronic 
Diagrams,”  reproduced  from  Elec¬ 
tronics.  These  symbols  have  been 
abstracted  from  the  American  Stand¬ 
ards  Association  publications  Z32.10- 
1944  and  Z32.5-1944  and  present  in 
a  convenient  form  those  of  greatest 
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THE  NEW 

SIGMA 

SERIES  41  RELAY 

is  streamlined  for  high  volume 
applications  and  yet  offers  the 
standard  of  quality  inherent  in 
all  Sigma  Relays. 

Construction  Features: 

*  Beryllium  copper  armature  and 
contact  springe. 

*  Spring  reed-type,  armature  hinge 
with  low  reluctance  gap. 

*  High  permeability,  low-residual 
iron  parts 


GOAT  PRECISE-FORMED  STAMPINGS 
Soi^e 

Now  tachniquas  in  construction  and  usa  of  high  tpaad,  auto¬ 
matic,  tingla  oparation,  multipla-staga,  prograuiva  dias,  in 
conjunction  with  tha  GOAT  Pracision  Faad  (U.  S.  Pat.  No. 
2,250,520),  maka  possibb:  highar  production  spaads,  lowar 
Krap  lossas,  lass  tool  maintananca,  ovarall  lowar  costs,  ond 
closar  tolarancas  than  avar  bafora  possibla.  On  lots  of  500,000 
or  mora  tha  savings  ara  indaad  worthwhila. 


S€timU  damfi£€4'  cOuutUtt^  i 

ADDRESS  DEPT.  EL 


GOAT  METAL  STAMPINGS,  INC. 

Affiliate  of  The  Fred  Goat  Co.,  Inc. 

314  DEAN  STREET  BROOKLYN  ,N.  Y. 


j  «l  R(4e),  R7.(«e)  4t  FZ(m),  Ffdc) 

I  Unenclosed  types;  1"  x  1  7/32"  x 
j  2  3/16" * 

I  Plug-in  types:  IV^"  x  IV^"  x  IT^" 

I  **'**•• 

I  *(Long  dimension  includes  full 
I  length  of  mounting  bracket). 

I  Minimum  Input  Requirements: 

I  20  milliwatts  for  D.C.  types. 

I  O.l  volt-amperes  for  A.C.  types. 

I  Contacts : 

I  S.P.D.T. 

i  Ratings  up  to  IS  amperes  with  low 
i  voltage  D.C.  or  up  to  1  K.W.  incan- 
i  descent  lamp  load  at  IIS  volts  A.C., 
I  with  suflBcient  input  power. 


For  critical  performance  re¬ 
quirements  at  minimum 
cost,  specify  the  Sigma 
I*.  ^ries  41  Relay. 


Sigina  Instniments,  iiic. 

CSc&nd^c6cUC  RELAYS 

62  Ceylon  Sts,  Boston  21.  Mau. 


TESTING 
TRANSFORMERS 


Write 

for 

Complete 

Information 


Dongan  high  potential  test¬ 
ing  transformer  for  insul- 
adon  break-down  tests. 
Equipped  with  primary 
switch,  pilot  and  safety 
light.  Capacity  250  V.  A. 
Primary  115  or  230  volts,  60 
cycle. 

Doagaa  Spac.  #7492A — Secondary  2S00  volts 
maximum  in  stops  of  100  volts. 

Dongan  Spac.  #7692t— Sacondary  5000  volts 
maximum  in  stops  of  200  volts. 

Dongan  Spoe.  #7492C — Sacondary  7500  volts 
maximum  in  stops  of  200  volts. 


DONGAN  ELECTRIC  MFG.  CO. 


2977  Franklin 


Detroit  7,  Mick. 


TRANSF 

The  Oojigoo  Line  Slnc»  Nheteea^Nine 
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FOR  EXAMPLE  OF^ 
CREATIVE  ENGINEERING 


ON  A  HIGH  PLANE 


Perhaps  you  will  wonder  why 
Cardwell  would  bring  out  a  com* 
munications  receiver  at  this  time, 
when  there  are  many  excellent  re¬ 
ceivers  on  the  market. 

I  did,  too,  until  I  saw  what  our 
engineers  were  developing.  Now, 
when  I  see  what  a  combination  of 
features  is  offered  by  the  Cardwell 
Fifty*Four,  I  can  realize  that  here 
was  a  job  that  just  had  to  be  done 
some  day. 


use  in  the  industry.  Copies  are  avail¬ 
able  free  by  writing  to  the  company 
on  business  letterhead. 
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Resistor  Publication.  The  Outlook 
is  published  monthly  by  the  Centra- 
lab  Div.  of  Globe-Union,  Inc.,‘  Mil¬ 
waukee,  Wis.  Volume  2,  Number  9, 
dated  April  1946,  lists  a  replace¬ 
ment  control  line,  stock  of  special 
controls  and  describes  various 
stages  in  the  production  of  the 
proximity  fuze. 


68 

Plastic  Radio  Cabinets.  American 
Cyanamid  Co.,  Plastics  Div.,  30 
Rockefeller  Plaza,  New  York  20, 
N.  Y.  The  new  catalog  describing 
molded  Beetle  plastics  includes  an 
extensive  treatment  of  radio  cabi¬ 
net  design,  with  emphasis  on  ap¬ 
pearance,  strength  and  ventilation. 
Several  different  types  of  radio 
cabinets  are  graphically  discussed. 


Just  read  the  fifteen  outstanding 
features  on  the  opposite  page. 
These  are  all  combined  in  a  com¬ 
pact  seventy  pound  unit,  designed 
and  developed  for  the  most  critical 
professional  requirements. 

For  instance,  the  turret  mechanism 
for  band  changing  is  something 
that  would  only  be  developed  by 
"an  engineer’s  engineer".  It  en¬ 
ables  you  to  change  bands  from 
those  supplied  to  any  you  might 
require  as  quickly  as  you  can  re¬ 
move  and  replace  ten  screws.  New 
tuning  strips,  which  we  will  sup¬ 
ply  for  any  desired  band,  can  be 
quickly  incorporated  without  the 
use  of  a  soldering  iron. 

Add  to  this  grounded  grid  R.  F. 
Amplification  and  the  unusually 
good  signal  to  noise  ratio  and  you 
are  only  beginning  to  get  the  story. 


The  specifications  tell  a  much  more 
complete  story  than  I  ever  could 
and  I  shall  be  glad  to  send  them  to 
you.  Just  drop  me  a  card. 


t  drop  me  a  card.  _ a 

V  Sales  Manager 
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Broadcast  Audio  Equipment.  Radio 
Corporation  of  America,  Camden, 
N.  J.,  has  a  78-page  catalog  of 
speech-input  equipment  suitable  for 
use  in  a-m,  f-m  and  television 
broadcast  stations.  The  equipment 
listed  ranges  from  microphones  to 
jack  panels.  Suggested  equipment 
lists  and  studio  layouts  are  in¬ 
cluded.  The  booklet  is  priced  at  50<. 


70 

Mobile  Communications.  Radio  Cor¬ 
poration  of  America,  Camden,  N.  J. 
A  28-page  booklet  is  available  de¬ 
scribing  systems  and  equipment  for 
26  to  42  megacycle  f-m  equipment 
for  police,  fire,  public  utility  and 
other  agencies  requiring  mobile  and 
emergency  communications. 


THE  ALLEN  D. 

CARDWELL 

MANUFACTURING 

CORPORATION 

MAIN  OFFICE 

&  factory 

97  Whifing  Street, 

Plainville,  Conn. 

71 

Retail  Radio  Business.  B’nai  B’rith, 
Vocational  Service  Bureau,  1746  M 
Street,  N.  W.,  Washington  6,  D.  C., 
has  published  a  347-page  volume 
entitled  '‘Careers  in  Retail  Business 
Ownership”  from  which  the  chap¬ 
ter  on  “Electrical  Appliance  and 


Radio  Store”  has  been  issued  as  a 
separate  item  at  15#  a  copy.  The 
practical  merchandising  informa¬ 
tion  should  be  of  great  value  to  the 
veteran  considering  entering  this 
field. 
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Relays.  Ward  Leonard  Electric  Co., 
31  South  St.,  Mount  Vernon,  N.  Y. 
Bulletin  130  reolaces  Bulletins  131 
and  132  describing  single  and  mul¬ 
tipole  relays,  latching  and  double¬ 
throw  relays.  The  types  described 
are  principally  useful  for  light  con¬ 
tactor  duty,  control  of  single¬ 
phase  motors  and  other  heavy  duty 
electronic  applications. 
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Power  Supply  Vibrators.  The  Ra- 
diart  Corp.,  3571  W.  62nd  St.,  Cleve¬ 
land  2,  Ohio,  has  issued  a  complete 
listing  of  vibrator  types  with  their 
equivalent  Radiart  replacement  vi¬ 
brator  number.  This  is  a  most  use¬ 
ful  publication  for  the  maintenance 
and  repair  technician.  Other  in¬ 
formation  sheets  are  available  de¬ 
scribing  a  line  of  car  antennas  and 
complete  vibrator  power  supplies. 
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Transformers.  Thordarson  Electric 
Mfg.  Div.,  Chicago  10,  Ill.  Catalog 
No.  400-FX  describes  the  complete 
line  of  transformers,  chokes  and 
voltage  regulators  manufactured. 


75 

Coils.  Meissner  Manufacturing  Div., 
Mt.  Carmel,  Ill.  Three  small  receiv¬ 
ers,  a  signal  calibrator  and  signal 
analyzer  are  described  in  a  catalog 
which  covers  the  line  of  coils,  trans¬ 
formers  and  chokes  available  from 
the  manufacturer.  Replacement 
coils  and  i-f  windings  are  also  de¬ 
scribed. 


Window  was  the  name  applied  to 
sheets  of  aluminum  foil  about  the 
size  of  a  small  pane  of  window  glass 
and  used  to  foil  enemy  radar  sets. 
Thin  strips  as  dipoles  proved  more 
economical  and  were  called  chaff.  The 
Germans  dropped  the  stuff  too,  but 
we  had  more  aluminum. 


2M 
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a  communications  receiver  with  unusual  engineering  features 


This  newly-developed  receiver  com¬ 
bines  many  design  and  engineering 
refinements  within  surprisingly  com¬ 
pact  dimensions.  It  opens  up  a  whole 
new  area  of  possibilities  in  the  indus¬ 
trial  and  commercial  communications 
fields.  Following  are  just  15  of  its 
many  features.  Check  them  against 
your  requirements. 

1.  Full  turret  type  R.F.  Section. 

(Sturdy  turret  of  original  design  assures  ab¬ 
solute  mechanical  and  electrical  stability.) 

2.  Wide  Frequency  Coverage. 

(Range  to  54.0  mcs.) 

3.  Secondary  Frequency  Standard. 

(Built-in  100-1000  kcs.  Calibrator.) 

4.  High  Signal  to  Noise  Ratio. 

(Two  grounded  grid  RF  Amplifier  stages 
assure  actual  receiver  noise  less  than  6 
db  above  thermal !) 

5.  "Custom-built”  Gang  Condensers. 


(Specifically  designed  by  Cardwell  (or  this 
receiver.) 

6.  Electrical  Band  Spread. 

(Pointer  travel— better  than  IOV2  inches  on 
every  range.) 

7.  Direct  reading  linear  type  dials. 
(Excellent  visibility— only  the  chosen  range 
and  corresponding  band  spread  in  view  at 
any  band  switch  setting.  Non-Glare  dial 
illumination  with  dimmer  control  on  front 
panels.) 

8.  All  miniature  Tubes. 

(18  including  rectifiers.) 

9.  Mechanical  Coupling  Provisions. 

(Shafts  are  brought  out  at  rear  for  linkage 
to  other  units.) 


10.  Threshold  Squelch. 

(Operating  level  controllable  from  5  to 
100,000  micro  volts.) 

11.  Temperature  Compensated  Oscillator. 
(Stability  is  better  than  100  parts  per  mil¬ 
lion  per  degree  centigrade.) 

12.  New  Type  Noise  Limiter. 

13.  Unit  Construction. 

(Receiver  and  power  supply  combined  in 
one  sturdy  lightweight  unit.) 

14.  Heavy  Duty  Speaker. 

(Lightweight  tilting  unit,  wall  or  table 
mounting.) 

15.8  Watts  Audio  Output. 

(Push-pull  class  AB— with  five  available 
output  impedances.) 


WRITi  FOR  COMPLiTE  TECHNICAL  BULLETIN 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORP. 


MAIN  OFFICE 
8  FACTORY: 


97  WHITING  STREET 
PLAINVILLE.  CONN. 
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NEWS  OF  THE  INDUSTRY 

Sunspots  cause  radio  blackout;  shoran  used 
for  mapping;  receiver  production  and  sales 
figures ;  radio  plants  expand  and  move 

Operation  Crossroads 


Rear  Admiral  W.  S.  Parsons,  re¬ 
sponsible  for  the  measurement  and 
reporting  of  all  findings  from  the 
atomic  bomb  tests  at  Bikini,  an¬ 
nounced  that  the  technical  staff 
would  consist  of  nine  divisions,  all 
under  Dr.  E.  A.  Sawyer,  Technical 
Director  of  Operation  Crossroads. 
Duties  of  each  division  are  as  fol¬ 
lows: 

(1)  Bomb  operation  is  the  respon¬ 
sibility  of  the  Los  Alamos  Labora¬ 
tory  of  the  Manhattan  Engineer 
District,  who  will  deliver  two  bombs 
to  the  Joint  Army-Navy  Task  Force 
ready  for  use. 

(2)  Blast,  pressure,  and  shock  in 
free  air  and  water  (independent  of 
ship  structures)  will  be  measured  as 
functions  of  distance  and  time.  The 
most  numerous  instruments  are  ball 
crusher  gages  that  measure  air  pres¬ 
sure  by  the  deformation  of  a  soft 
copper  ball  by  a  steel  piston  in  a 
narrow  cylinder,  and  aluminum  foil 
meters  that  measure  air  pressure  by 
the  rupture  of  aluminum  foil.  Strain 
and  displacement  gages  account  for 
the  majority  of  instruments  used  to 
observe  and  measure  blast  effects 
considered  capable  of  causing  struc¬ 
tural  damage  to  ships  and  their 
equipment.  Blast  effects  on  the  deck 
of  target  ships  will  be  determined  by 
the  amount  of  crushing  of  empty 
five-gallon  gasoline  tins.  Navy  drone 
aircraft  which  will  fly  in  the  prox¬ 
imity  of  the  blast  will  be  equipped 
with  velocity,  gravity,  time  and  alti¬ 
tude  recorders,  while  Army  drone 
aircraft  will  carry  television  trans¬ 
mitters,  recorders  and  flight  ana¬ 
lyzers  to  report  and  record  the  effect 
of  the  detonation  wave  on  the  oper¬ 
ating  characteristics  of  aircraft. 

(3)  Wave  motion  and  oceanog¬ 
raphy  men  will  use  supersonic  echo 
sounders  to  measure  the  vertical  mo¬ 
tion  of  target  ships  and  buoys  at  a 
distance  from  the  explosion,  while 
pressure  recorders  on  the  bottom 
will  record  water  depth  versus  time. 


Seismographs  will  be  set  up  on  the 
islands  around  the  atoll  to  observe 
the  propagation  of  the  shock  waves 
through  the  earth. 

(4)  Electromagnetic  propagation 
and  electronics,  under  Captain  C.  L. 
Engleman  of  the  Navy  Bureau  of 
Ships  and  Colonel  D.  F.  Henry  of 
the  Army  Air  Forces,  will  study  the 
effect  of  the  atomic  bomb  explosion 
on  both  ground  and  sky  wave  trans¬ 
mission,  radar  reflective  properties 
of  the  bomb  cloud,  and  the  intensity 
of  the  atmospheric  electrical  disturb¬ 
ances  developed  by  the  explosion. 
Radar  and  spherics  equipment  will 
be  used  to  measure  electromagnetic 
propagation.  Army  Air  Forces 
drones  will  carry  Geiger  counter 
warning  circuits  and  transmitters  to 
determine  the  effect  of  the  bomb  ex¬ 
plosion  on  radio  propagation  in  the 
5-9  megacycle  region. 

(5)  Radiological  safety  includes 
tracking  the  movement  of  radioac¬ 
tive  air  and  water  masses  caused  by 
the  blast.  The  primary  safety  device 
is  the  portable  Geiger  counter. 


Indicator  console  of  modem  echo  ranging 
sonar  haring  built-in  bearing  deriotion  in¬ 
dicator  to  help  operator  keep  the  prelector 
troined  on  a  morlng  submarine 


(6)  Radiometry  involves  meas¬ 
urement  of  light  in  the  visible  spec¬ 
trum  and  the  adjacent  ultraviolet 
and  infrared,  using  spectrographs  to 
obtain  the  spectral  distribution  of 
the  first  flash,  photoelectric  units  to 
reveal  the  intensity  of  the  first  flash 
as  a  function  of  time,  and  bolometers 
to  measure  total  radiant  energy. 

(7)  Radiation  work,  involving 
measurement  of  gamma  rays,  neu¬ 
trons,  etc,  will  not  be  publicized,  in 
accordance  with  current  security 
restrictions. 

(8)  Remote  measurements  involve 
tidal  data,  shock  and  radioactivity  at 
Midway,  Wake,  Kwajalein,  and  Eni- 
wetok  in  the  central  Pacific  area. 

(9)  Technical  photography  in¬ 
volves  hundreds  of  cameras  used  for 
ground  and  aerial  photographs  made 
before,  during,  and  after  the  bomb 
drops. 


In  the  early  months  of  1942  U- 
boats  were  sinking  ships  faster  than 
we  replaced  them,  and  we  were  losing 
the  Battle  of  the  Atlantic.  Our  suc¬ 
cess  in  attacking  submarines  after 
we  detected  them  was  less  than  five 
percent — 95  out  of  100  got  away. 
Sonar  was  detecting  the  U-boats, 
but  in  the  crucial  moments  of  the 
attacks,  something  was  inadequate. 

An  analysis  showed  that  at  critical 
phases  sonar  lost  contact  for  two 
reasons:  (1)  U-boats  hearing  our 
pings  becoming  louder  and  faster 
judged  the  moment  of  our  attack 
and  submerged  below  the  sonar 
beam.  The  remedy  was  the  “creeping 
attack”  delivered  by  two  escorts — 
the  first  maintained  contact  at  a 
fixed  range  and  ping  interval  while 
coaching  the  second  attacker  at  very 
low  speed  over  the  U-boat;  (2)  U- 
boats  created  disturbances  by  back¬ 
ing  down,  turning  sharply,  or  eject¬ 
ing  chemicals  that  generated  clouds 
of  bubbles  which  momentarily  re¬ 
flected  strong  echoes.  These  echoes 
simulated  a  second  or  third  U-boat 
and  confused  the  attackers  while  the 
hunted  submarine  sneaked  off  be¬ 
hind  his  false  targets.  The  counter¬ 
measure  was  to  promulgate  infor¬ 
mation  by  radio  on  this  U-boat  trick, 
and  to  issue  instructions  to  anti¬ 
submarine  vessels  to  maintain  “dop- 
pler”  contact,  which  is  obtained  only 
from  moving  targets.  Sonar-asdic 
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C-200  Hofmonk 

FBEQUENCT  GENCIATOR 
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nEQUENCT 

METER 


nXED  FREQUENCT 
RECEIVER 


IN  THE 

DESIGN,  DEVELOPMENT 
and  MANUFACTURE  of 
VHF  and  UHF  EQUIPMENT 

LAVOIE  LABORATORIES  are  well  prepared 
with  trained  personnel  and  special  equipment 
to  handle  every  phase  of  design,  development 
and  manufacture  of  VHF  and  UHF  equipment. 
As  SPECIALISTS  in  this  type  of  production,  you 
are  assured  of  precision  work  based  on  "know¬ 
how"  plus  methods  and  technique  developed 
especially  for  HIGH  frequency  work.  A  few 
typical  examples  are  illustrated. 


RADIO  ENGINEER'S  AND  MANUFACTURERS 
MORGANVILLE.  N.  J. 


LAVOIE  Products  Include: 

•  FREQUENCY  STANDARDS 
e  FREQUENCY  METERS 

e  RECEIVERS 
e  TRANSMITTERS 

•  ANTENNAS  and  MOUNTS 
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Specifications 

•Motor  Type  KS^37  •Speed  1140  R.PJM. 
•Atodel  l-S  225S  *115  V.A.C.  60  cycles 

•Approx.  1/20  H.P.  •  Split  phase  induction 

•Continuous  duty 


Doughnut  Coik  for  electrenic  and  telephone  purposes. 
High  Permeability  Cores  ore  hydrogen  annealed  and 
heat  treated  by  a  special  process  developed  by  OX  engi¬ 
neers.  Send  us  your  “specs”  today— ample  production 
fedlHies  for  inunediote  delivery. 


DX  RADIO  PRODUCTS  CO. 


O''  CE'^  ':0r  ^  ClAKfMOST  #VE  CHICAGO  22  III  USA 


iliT^uriEITSIii  >v.k«g 


Where  quiet,  vibrationless  operation 
and  long  life  are  essential,  we  recom- 
mend  this  special 


Small  screws  for 
electronic  devices 

Tiny  hex-socket  Cap  Screws  and  Set 
Screws  steeled  to  stand  amazingly  dght 
set-ups.  Cap  Screws  in  the  numbered 
sizes  from  1  to  10  inclusive;  Set  Screws 
from  No.  2  to  10. 

The  Cap  Screws  are  Allen  ''pressur- 
formd"  for  maximum  strength  of  head 
and  socket.  Threads  also  formed  by 
pressure- pi ocess  to  a  high  Class  3  ht. 

The  Set  Screws  have  die-cut  threads 
accurate  to  a  high  Class  3  fit,  with  per¬ 
fectly-formed  hex  sockets.  The  screws 
can  be  held  on  either  end  of  the  handy 
hex  keys  and  turned  into  the  tapped 
hole  without  fingering.  Allen  Hand 
Drivers  are  available  to  facilitate  fast 
assembling. 

In  radio  and  television  sets,  radio 
telephones,  radar  equipment,  elec¬ 
tronic  controls,  these  screws  HOLD 
fine  adjustments  and  intricate 
assemblies. 

Order  «/ your  lecal  Industrial  Distributor 


for  your  continuous-duty  fan  and 
blower  applications,  such  as  oil, 
gas,  or  steam  unit  heaters — oil  burn¬ 
ers  —  air-conditioning  units  —  etc. 

Construction  features :  Motor  is  total¬ 
ly  enclosed.  Tubular  steel  stator 
housings  are  rabetted  to  fit  die  cast  end 
bells,  providing  perfect  alignment. 
Bronze  sleeve  bearings  are  grooved  for 
best  oil  distribution.  Oversize  felt  oil 
retainers  feed  oil  to  shaft  through  two 
spring  tension  wicks  at  each  bearing. 

John  Oster  Mfg.  Co.,  4  Main  St. 


Resilient  neoprene  motor  mount- 
i^s  absorb  vilbration  —  are  not 
affected  by  oil  and  grease.  Can  be 
furnished  with  standard  motor 
mounting  dimensions.  Finished  in 
blade,  baked  enamel.  Length  over 
bearings,  8%".  Hou.>iiig  diameter 
4-27/64".  Weight  15  lbs. 

Orders  for  this  motor  are  now  in 
production.  If  you  need  special  mo¬ 
tors  for  your  products,  write  for  in¬ 
formation. 

SpeciofisTs  In  special  molon  — 
lAR*  serie*,  *pllt  pnote,  copaclfor, 
KIKina,  ffIS.  synchronous,  end  shaded  pel* 
In  fractional  n.p.  ratings. 


THE  ALLEN  MFC.  CO., 

HARTFORD  1,  CONN.,  U.  S.  A. 
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men  soon  learned  to  read  through  the 
false  targets  and  erroneous  attacks 
on  bubble  clouds  ceased. 

Scientific  research  groups  found 
that  sound  travelling  in  warm  sur¬ 
face  water  bends  sharply  downward 
when  it  passes  through  a  thermo- 
cline,  a  region  where  temperature 
decreases  sharply  with  depth,  and 
results  in  very  weak  echoes  being 
returned  from  submarines  beneath 
the  thermocline.  Thermoclines  may 
cause  loss  of  sonar  contact,  and  U- 
boats  may  hide  under  thermoclines. 
Tables  and  tactical  rules  were  sup¬ 
plied  to  ships  for  use  in  predicting 
maximum  echo  ranges,  spacing  be¬ 
tween  escort  vessels  and  the  interval 
between  successive  sonar  pings. 

Allied  submarines  in  the  Pacific 
used  bathythermographs  to  hide  un¬ 
der  thermoclines.  Hydrographic 
charts  were  provided  to  show  the 
type  of  bottom  in  various  operating 
areas  because  submarines  are  more 
likely  to  be  detected  over  sandy 
bottoms  which  reflect  sound  than 
over  mud  bottoms  which  absorb 
sound.  Charts  also  indicated  the 
areas  in  which  intense  “shrimp” 
noises  probably  would  mask  the 
sounds  created  by  submarines. 

Play-by-Play  Story 

An  example  of  the  battles  between 
U-boats  and  our  carrier  escort  “Kil¬ 
ler  Groups”  was  the  sinking  of 
the  U-233  by  escort  carrier  USS 
CARD  and  destroyer  escorts,  USS 
THOMAS  and  USS  BAKER. 

First  contact  with  the  U-boat  was 
made  on  July  2  when  CARD  aircraft 
sighted  a  swirl  about  200  miles 
off  Halifax.  Radio-sonobuoys  (Elec¬ 
tronics,  April  1946,  p.  154)  were 
dropped  around  the  swirl  and  con¬ 
tact  with  the  U-boat  was  maintained 
throughout  the  day,  although  inter¬ 
mittent  bad  weather  forced  recall 
of  the  aircraft  and  interrupted  the 
receipt  of  signals  from  the  buoys  on 
several  occasions.  The  destroyer 
escorts  conducted  a  sonar  search  in 
the  area  without  results.  Sonar  con¬ 
ditions  were  poor,  and  bad  weather 
prevented  further  aircraft  search 
until  July  6.  On  July  6  the  CARD 
made  sonar  contact  and  streamed  her 
f oxers  (underwater  noise  makers) 
to  attract  the  U-boat’s  acoustic  hom¬ 
ing  torpedoes  away  from  the  ship’s 
propellers.  At  7:13  p.m.,  the  CARD 
dropped  depth  charges,  and  at  7:20 
p.m.,  the  BAKER  made  a  second 
depth  charge  attack  which  resulted 
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WE  HAVE  WHAT  YOU  WANT! 

The  new  Concord  Catalog  displays  the 
most  comprehensive  stock  in  years! 
All  well'known,  standard  lines  are 
fully  represented.  Equipment — acces¬ 
sories — parts  for  all  radio  and  elec¬ 
tronic  use  .  .  .  for  building,  repair. 


Your  Copy  of  the 
Complete,  New  Concord 
Catalog  is  Ready! 

It  offers  you  the  latest,  greatest  selection 
of  guaranteed  quality  RADIO  SETS, 
PHONO-RADIOS,  RADIO  PARTS, 
TEST  INSTRUMENTS,  BOOKS, 
TOOLS,  AMPLIFIERS  AND  ACCESSO¬ 
RIES,  AMATEUR  KITS  AND  SUP¬ 
PLIES,  ELECTRONIC  EQUIPMENT. . . 
page  after  page  of  post-war-engineered 
equipment  and  parts  you  have  long  been 
waiting  for.  All  standard,  top-quality 
lines.  Thousands  of  items.  Money-saving 
prices.  And  fast  service,  direct  from  our 
two  centrally  located  warehouses  in 
CHICAGO  and  ATLANTA. 


ADiO  PARTS 


maintenance  .  .  .  for  engineer,  ama¬ 
teur,  serviceman,  soundman,  retailer 
.  .  .  complete  lines  of  tubes,  instru¬ 
ments,  tools,  speakers,  condensers,  re¬ 
sistors,  relays,  etc.  .  .  .  PLUS  a  radio 
set  department  offering  latest  postwar 
models  .  .  .  PLUS  the  exciting  line  of 
MULTIAMP  Add-A-Unit  Amplifiers 
offering  many  innovations  in  public 
address  units  exclusive  with  Concord 
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RADIO  ENGINEERIND  LABS.,  INC. 

Long  Island  City,  N.  Y, 


For  quick  starting,  uniform 
speed  and  quietness,  equip 
your  new  phonographs  and 
record-changers  with  Smooth 
Power  motors.  From  the  wide 
and  modern  GI  line,  accu¬ 
rately  and  carefully  built,  you 
can  select  exactly  the  right 
motors  for  your  needs. 

Then  you’ll  be  sure  of 
giving  your  customers  that 
smooth,  all  ’round  jjerform- 
ance  that  builds  good  will . . . 
and  sales.  For  motors  you  can 
always  depend  upon,  stand¬ 
ardize  on  Smooth  Power. 
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EMPLOYING 
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CoBIP® 


'  JOPNAR  Mills 


Materials  for  potting,  dipping  or  impreg- 
noting  all  types  of  radio  components  or  oil 
kinds  of  electricol  units.  •  Tropicalized 
lOOl  fungus  proofing  waxes.  •  Woterproofing 
YEARS^  finishes  for  wire  fackets.  •  Rubber  finishes. 

•  laguiries  ond  problems  Invited  by  our  en- 
gineering  and  development  laboratories. 

•ANIIIs,  Inc.  hos  h**!!  knttwii  for  it$  dopoadoblo  sonrlco  and 
onHormlty  of  prodwct  sinco  1S46. 
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•  .  •  is  a  major  element  in  Chicago 
Transformers  service  to  the  Electronic 
Industry.  If  special  transformer  appli¬ 
cations  are  involved  in  your  new  pro¬ 
duct  plans,  C.  T.'s  engineering  staff 
offers  the  all-around  experience  and 
know-how  that  will  best  fit  these  items 
of  your  component  requirements. 


CHICAGO  TRANSFORMER 

DIVISION  OF  FSStX  WIRE  CORPORATION 


3  5  0I  ADDISON  STREET  •  CHICAGO.  18 


in  a  huge  geyser  of  water  mixed 
with  oil. 

Sonar  comtact  was  regained  a  few 
minutes  later  and  the  radar  operator 
reported  a  large  pip  at  1,200  yards. 
Simultaneously,  the  bow  of  the  U- 
boat  broke  the  surface  at  a  steep 
angle  on  the  radar  bearing.  Accu¬ 
rate  and  heavy  gunfire  was  opened 
at  a  range  of  1,200  yards.  The 
BAKER  then  passed  75  yards  ahead 
of  the  U-boat  and  fired  her  port  K- 
guns.  The  charges  straddled  and 
detonated  close  aboard  on  both  bows 
of  the  submarine.  The  gunfire  was 
continued  while  the  BAKER  again 
passed  close  ahead  of  the  U-boat  and 
dropped  a  pattern  of  depth  charges. 
At  this  time,  members  of  the  U- 
boat’s  crew  were  observed  astern  of 
the  submarine,  and  others  w'ere 
abandoning  ship.  The  THOMAS, 
which  also  was  firing,  then  closed  in 
on  the  U-boat,  and  rammed  her  just 
aft  of  the  conning  tower.  The  sub¬ 
marine  sank  beneath  the  THOMAS. 
About  30  survivors  were  recovered. 


Ion  Ballistics  Conference 

A  GRADUATE  CONFERENCE  devoted  tO 
the  behavior  of  mass  spectrometers, 
electron  microscopes,  and  other  elec¬ 
tronic  devices  depending  upon  elec¬ 
tron  or  ion  beams  is  to  be  held  from 
June  24  through  July  13,  1946  at 
Agricultural  and  Mechanical  College 
of  Texas.  Lecturers  will  be  Dr.  Ladi- 
slaw  Marton  of  the  Division  of  Elec¬ 
tron  Optics,  Stanford  University, 
and  Dr.  John  A.  Hippie  of  Westing- 
house  Research  Laboratories.  A 
matriculation  fee  of  $8  is  charged 
for  the  three-week  course,  and  those 
completing  it  satisfactorily  will  re¬ 
ceive  four  semester  hours  of  gradu¬ 
ate  credit.  Further  details  can  be  ob¬ 
tained  from  J.  G.  Potter,  Head,  De¬ 
partment  of  Physics,  A.  and  M.  Col¬ 
lege  of  Texas,  College  Station,  Texas. 

Sunspots 

One  of  the  largest  sunspot  groups 
even  seen  crossed  the  solar  disc  be¬ 
tween  January  29  and  February  11, 
1946  and  was  accompanied  by  very 
pronounced  radio  and  other  terres¬ 
trial  effects.  This  sunspot  group 
partially  returned,  after  one  rotation 
of  the  sun,  between  February  27  and 
March  13.  It  was  again  associated 
with  terrestrial  effects,  though  much 
less  severe. 

The  region  around  the  sunspot 
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OF  ASSEMBLING  AND  SERVICING 

wirh  WALKER-TURNER 
FLEXIBLE  SHAFTING 


FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


ORTAB 


o  really  high-powered 


•  Yon  can  put  controUod  olements 
whoroTOr  good  dosign  dlctotoc  .  .  . 
whon  you  uso  Walkor-Turnor  Flex- 
iblo  Shcdting  in  your  products.  It 
goos  around  and  OTor  obstacles — 
takos  up  minimum  si>aco— central- 
izos  controls  for  conTonlent  opora- 
tion,  no  matter  where  the  condens¬ 
ers.  rotary  switches,  etc^  are 
located. 

Scientiiically  engineered  and  care¬ 
fully  wound  to  produce  smoother 
power  flow.  sensitiTe  control  and 
trouble  free  operation.  Write  for 
further  information. 


Note: 

The  Librery  compritet 
«  selection  of  books 
culled  from  leeding 
McGrew  •  Hill  publics- 
tions  in  the  radio  field. 


MMcielly  setactad  by  redio  seMlellsts  of 
McGraw-Hill  seMications 

to  five  most  eomalete,  deaondablo  oev- 
orato  of  facts  needed  by  all  whose  fields 
are  sraunded  on  radio  fundanientals 


available  at  a  seeclal  erioe  and  tonas 


These  hooka  cover  circuit  phenomena,  tube 
theory,  networka,  meaaurementa,  and  other 
aubjecta — give  apecialized  treatments  of  all 
flelds  of  practical  design  and  application.  They 
are  books  of  recognized  position  in  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  in  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  in 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

5  volunes.  2559  pages.  2558  illustrations 

Eastrasn’s  FUNDAMENTALS  OF 
VACXJUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  E  N  G  I  - 
NEERING,  2nd  edition 
Hunds  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND¬ 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  in  easy  install¬ 
ments  beginning  with  $2.60  in  10  days  after 
receipt  of  books  and  $4.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 


FOR  10  DAYS*  EXAMINATION  SEND  THIS 
,™«...0N.APPPR0VAL  coupon-"— ~-ei 


MsGraw-HIII  Seek  Cs..  330  W.  42ntf  9L.  N.Y.C.  It 
Send  me  Bsdlo  Bnglnewinf  library  for  10  da]rs’ 
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$3.80  plus  few  eants  postase,  and  $4.00  wx—thiy 
ttU  $38.50  Is  paid,  or  return  books  postpaid.  (We 
pay  postase  on  orders  accompanied  by  remittance 
of  first  installment.) 
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City  ard  State 


Company  . 
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Ww  Canadian  book  prices  write  Embassy  Book  Co.. 
13  Richnwnd  St.  S.,  Toronto  1 


ranging  from  3  K.  W.  to  15  K.  W., 
these  portable  electric  power  plants 
ore  manufactured  to  give  dependable 
service  under  the  most  rugged  con¬ 
ditions.  Write  today  for  specifications. 
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was  observed  to  be  very  bright  in 
the  light  of  the  hydrogen  alpha  line, 
and  several  solar  eruptions  or  flares 
were  seen.  Associated  with  these 
flares  were  sudden  ionospheric  dis¬ 
turbances  manifested  by  radio  fade- 
outs  lasting  from  a  few  minutes  to 
several  hours.  These  are  caused  by 
a  sudden  great  increase  in  ultraviolet 
light  which  creates  such  high  ioniza¬ 
tion  in  the  D  region  of  the  iono¬ 
sphere  that  high-fre(iuency  radio  sky 
waves  are  absorbed.  Propagation 
paths  nearer  the  subsolar  point 
(noon,  equatorial  region)  are  dis¬ 
turbed  the  most.  Since  this  type  of 
disturbance  is  caused  by  a  solar 
eruption,  only  a  radio  propagation 
path  of  which  a  part  is  in  sunlight 
is  affected. 

The  leader  spot  began  to  pass  the 
sun’s  central  meridian  on  February 
4,  but  the  follower  spot,  which  was 
the  larger  and  more  significant,  did 
not  pass  the  central  meridian  until 
the  early  hours  of  the  Greenwich 
day  of  February  6.  A  little  over  24 
hours  later,  a  period  which  agrees 
well  with  the  theoretical  time  re¬ 
quired  for  particles  to  travel  from 
the  sun  to  the  earth,  severe  terres¬ 
trial  disturbances  were  noted.  Bril¬ 
liant  displays  of  aurora  borealis 
were  reported,  with  some  auroral 
display  actually  visible  at  Washing¬ 
ton  on  the  nights  of  February  6  and 
7.  A  great  geomagnetic  storm  began 
suddenly  at  1019  GCT  on  Feb.  7, 
according  to  the  Cheltenham,  Md., 
magnetic  observatory  of  the  United 
States  Coast  and  Geodetic  Survey, 
and  lasted  until  2300  GCT,  Feb.  8. 

Warnings  of  the  radio  transmis¬ 
sion  conditions  expected  because  of 
this  solar  outbreak  were  issued  by 
the  Interservice  Radio  Propagation 
Laboratory  at  the  Bureau.  Daily 
warnings  of  disturbed  radio  condi¬ 
tions,  primarily  on  transmission 
paths  across  the  North  Atlantic, 
were  issued  February  7  to  11  from 
the  Bureau’s  station  WWV  and  by 
other  means. 

This  type  of  radio  disturbance  is 
characterized  by  rapid  or  flutter 
fading,  accompanied  by  very  weak 
field  intensities.  The  higher  fre¬ 
quencies  are  usually  blacked  out  be¬ 
cause  of  abnormal  depression  of  the 
critical  frequencies  of  the  F2  layer 
of  the  ionosphere,  and  direction¬ 
finder  observations  become  unreli- 
J'hle.  After  the  most  severe  part  of 
this  disturbance  was  over,  the  day¬ 
time  hours  were  characterized  by 


Enjoy  security  and  good  pay!  Prepare  now  with  CREI 
technical  home  study  training  and  step  ahead  of  com¬ 
petition  into  a  good  radio  job!  CREI  offers  you  a 
proved  program  of  self-improvement  to  keep  pace 
with  modern  U.  H.  F.  advancements  and  get  that 
radio  engineering  job  you  want 

Yea,  there  are  GOOD  JOBS  .  .  .  for  GOOD  men! 

The  easy  jobs  are  gone  and  once  again  knowledge 
and  ability  are  the  requirements  to  HOLD  good 
jobs — to  SECURE  better  ones.  Employers  once 
again  can  afford  to  be  “choosey**  ...  to  select 
the  beat  man  for  the  best  job.  In  the  face  of  this 
showdown  situation — where  do  YOU  stand? 

CREI  home  study  training  in  Practical  Radio- 
Electronics  Engineering  can  equip  you  to  meet  the 
requirements  to  hold  your  job — or  advance  to  a 
better  one.  CREI  graduates  are  recognized  through¬ 
out  the  Radio-Electronics  industry.  Your  CREI 
diploma  is  the  best  recommendation  for  a  better  job. 

By  adding  CREI  training  to  your  present  radio 
experience  you  can  safe-guard  your  future  and 
keep  pace  with  such  new  developments  as  U.  H.  F. 

Circuits,  Cavity  Resonators,  Pulse  Generators,  Wave 
Guides,  Klystrons,  Magnetrons  and  other  tubes.  Are 
you  equipped  to  handle  them?  CREI  is  equipped 
to  help  you,  by  providing  the  Know-how  and 
ability  that  is  required. 

In  our  proved  method  of  instruction,  you  learn 
not  only  how  but  why!  Easy-to-read-and-under- 
stand  lessons  are  provided  well  in  advance,  and 
each  student  has  the  benefit  of  individual  guidance 
and  supervision  from  a  trained  instructor.  This 
is  the  basis  of  the  CREI  method  of  training  which 
many  thousand  professional  radio  men  have  com¬ 
pleted  during  the  past  1 9  years.  CREI  courses 
were  used  during  the  war  to  train  thousands  of 
Army  and  Naval  radio  technicians  for  the  U.  S. 

Signal  Corps,  U.  S.  Navy  and  U.  S.  Coast  Guard. 

lt*s  up  to  you  now  to  decide  your  course.  What 
you  do  today  will  be  the  answer  to  where  you 
will  be  in  1950  and  the  years  after.  It  costs  you 
nothing  to  read  the  interesting  facts  ...  to  learn 
how  CREI  can  help  you  enjoy  the  security  you 
want  .  .  .  the  better-paying  job  that  can  be  yours. 

Write  for  particulars  now  I  (CREI  training  for 
Veterans  is  approved  under  the  “G.I.”  Bill.) 

CAPITOL  RADIO  ENGINEERING 

£.  H.  Rietxke,  President 

Dept.  E6.  16th  and  Park  Road,  N.  W.,  Washington  10,  D.  C. 

New  York  (7) :  170  Broadway  Branch  Offices:  Chicago  (2)  :  30  N.  LaSalle  Street 

San  Diego  (I)  ;  316  C  Street  San  Francisco  (2) :  760  Market  Street 

Member:  NATIONAL  HOME  STUDY  COUNCIL.  NATIONAL  COUNCIL  OF  TECHNICAL  SCHOOLS 
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Press 


WRITE  fOft 
FREE  3A-PAGE 
BOOKLET 

"Your  Opportu¬ 
nity  in  the  New 
World  of 
ELECTRONICS 

If  you  ha?e  bad 
professional  or  am¬ 
ateur  radio  expe¬ 
rience  and  want  to 
make  more  money, 
let  us  prore  to  you 
we  have  something 
you  need  to  qualify 
for  a  better  radio 
job.  To  help  us  in¬ 
telligently  answer 
your  inquiry  — 
PLEASE  STATE 
BRIEFLY  YOUR 
BACKGROUND  OF 
EXPERIENCE.  ED¬ 
UCATION  AND 
PRESENT  P  O  S  I  - 
TION. 

Tells  how  CREI 
courses  can  be  adapt¬ 
ed  to  your  particular 
needs. 
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THE  ENGINEERING  CO 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 


IHCRF  S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


3656  LINCOLN  AVE.  CHICAGO,  ILL 


MUDCn 

TYPE 

600 


DKE  stamped  metal  ^ 
parts  can  now  be  ^ 
supplied  in  any 
quantity  on  short 
notice.  Twenty  ^ 
years  experience  in 
producing  all  types 
of  cups,  sleeves,  ^ 
flanged  shapes,  and 
fabrications  to  spe* 
cMcation.  Tools, 
figs,  fixtures  pro* 
duced  on  premises 
for  precision  and  -ft 
economy. 


request. 


STANOARO 


WEAR  RESISTANT 


From  that  mighty  mite 


the  Drake  No.  400  to  the  high 
speed  production  ‘‘honey” 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering  Iron 
“just  right”  for  the  job. 

Drake  Heat  l.ontrols  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


N0N-MA6NETIC 


SUPER-POUSm 


SEE 

YOUR  RADIO 
PARTS  JOBBER 


PERMO 


6427  RAVB4SWOCX>  AVE,  CHICAGO  26 
MANUFACTURING  METAIIURCIST& 
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very  high  absorption,  as  indicated  by 
very  weak  field  intensities.  This  pro¬ 
longed  type  of  disturbance  is  most 
noticeable  on  the  radio  transmission 
paths  crossing  the  auroral  zope.  For 
this  reason  the  reception  of  all  Euro¬ 
pean  stations  in  the  United  States 
was  difficult  or  impossible  during 
this  ionosphere  storm. 

The  leader  of  the  sunspot  group 
returned  to  the  solar  disc  on  Febru¬ 
ary  27  and  the  follower  on  February 
28.  The  group  as  a  whole  was  some¬ 
what  less  than  half  of  its  original 
size  but  was  still  in  the  class  of  large 
sunspots.  The  follower,  the  signifi¬ 
cant  part  of  the  group,  crossed  the 
sun’s  central  meridian  on  March  6 
and  was  last  seen  on  March  13.  The 
group  was  shrinking  in  size  as  it 
disappeared  from  view. 


10  icon  IMSTRUMSMT 

PROS LC  MS 


New  Television  Studios 

Long-range  television  program¬ 
ming  needs  are  anticipated  in 
DuMont’s  new  television  studios, 
located  in  the  John  Wanamaker 
Store  in  New  York  City.  The  facili- 


PAMH INSTHUMEHTS 


zoo. '300 
D.  C. 

MILLIAMPERES 


Shooting  dentist's  office  scene  in  one  of 
DuMont's  new  teleTision  studios  for  station 
WABD  in  New  York  City 

ties  provide  four  complete  studios 
and  their  control  rooms,  and  for 
feeding  video  and  audio  signals  into 
a  master  control  room  where,  after 
final  monitoring,  the  signals  are 
passed  to  the  uptown  transmitter  of 
station  WABD. 


Burlington  Panel  Instruments  are  designed  and  built  to  give 
dependable  service  with  guaranteed  accuracy.  They  are 
available  in  a  complete  line  of  AC  or  DC  Ammeters,  Volt¬ 
meters,  Milliammeters,  and  Microammeters.  The  'wide  selection 
of  sizes  and  case  styles  offer  instruments  that  are  ideal  for 
your  particular  application. 

Write  today  for  full  details  — -  our  engineers  will  recom¬ 
mend  the  precision  Burlington  Instruments  required  to  solve 
your  instrument  problems. 


Slioran  Used  for  Mapping 

Chief  peacetime  use  of  shoran,  re¬ 
cently  revealed  short-range  version 
of  loran,  is  expected  to  be  in  map¬ 
ping,  where  it  can  provide  fixes  on  the 
earth’s  surface  with  greater  accuracy 
than  has  ever  before  been  possible. 
Research  on  this  application  is  now 
^oing  forward  at  Buckley  Field,  Col- 


BURLINGTON  INSTRUMENT . CO 


PANEL  INSTRUMENTS  •  VOLTAGE  REG 
ULATORS  •  AUTOMATIC  SYNCHRO¬ 
NIZERS  •  FREQUENCY  REGULATORS 
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MERIT  COIL  &  TRANSFORMER  CORP 


TELEF’HONE 

Long  Beach  Gall  CHICAGO  40,  ILL 


4427  North  Clark  St 


orado  under  the  direction  of  Lt.  Col. 
Carl  I.  Aslakson  of  the  U.  S.  Coast 
and  Geodetic  Survey,  with  airborne 
photographic  work  being  done  by  the 
311th  reconnaisance  wing  of  the 
AAF. 

As  now  used,  a  shoran-equipped 
plane  sends  short-wave  radio  signals, 
pulsing  at  20  times  per  second,  to 
each  of  two  ground  stations — at  Den¬ 
ver  and  Cheyenne  for  the  present  ex¬ 
periments.  The  stations  transmit 
these  signals  back  to  the  plane,  where 
they  produce  pips  on  a  thin  circular¬ 
line  trace  on  the  radar  screen  in 
front  of  the  operator  in  the  plane.  A 
third  pip  represents  the  plane  on  the 
screen.  The  operator  adjusts  dials 
until  the  three  pips  merge  into  one, 
at  which  instant  the  exact  distances 
to  the  two  ground  stations  are  shown 
on  two  dials  calibrated  in  thou¬ 
sandths  of  a  mile.  At  this  moment 
a  camera  photographs  the  dials  and 
anothef*  camera  photographs  the 
ground  vertically  below,  preserving 
the  fix  for  future  use. 

Charts  and  maps  can  be  drawn 
from  a  number  of  these  fixes,  and 
older  maps  can  be  recalibrated  for 
accuracy.  Since  each  point  is  located 
individually,  errors  do  not  increase 
with  the  number  of  measurements 
made,  as  they  do  when  ground  sur¬ 
veys  are  made  along  a  line.  With 
shoran  a  point  may  be  located  within 
10  feet  at  a  range  up  to  300  miles 
from  the  ground  stations.  A  geo¬ 
detic  control  network  of  the  world  is 
possible,  with  control  stations  about 
every  500  miles. 


PHENOL  AND  VULCANIZED 

FIBRE  FABRICATIONS 


Radio  Set  Sales  Figures 


Close  tolerances,  any  quantity- 

Volume  production  and  accuracy  of  BAER  phe-  pi^§^CHED 
nol  and  vulcanized  fibre  parts  have  resulted 
in  their  wide  specification  for  every  type  of  STAMPED 
product  and  equipment.  Expanded  faciiities  SHAYED 
now  make  it  possible  to  offer  BAER  production 
to  manufocturers  needing  quality  parts  to  exact  SAWED 
requirements.  Write  today  for  Bulletin  120. 


7-11  MONTGOMERY  ST.  •  HILLSIDE  N.  J 


SHIPMENTS  OF  domestic  radios 
rose  from  about  750,000  units  for 
February  to  approximately  one  mil- 
iContinued  on  page  298) 
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RAWSON 

ELECTROSTATIC 

VOLTMETERS 


Typ*  518 


Now  available  to  35,000  VOLTS 
Measure  true  R.M.S.  values  on  A.C.,  no 
wavelorm  or  frequency  errors. 

NO  POWER  CONSUMPTION 

Leakage  resistance  greater  than  one  mil¬ 
lion  megohms.  These  meters  may  be  used 
to  measure. 

STATIC  ELECTRICITY! 

Ideal  for  measuring  high  voltage  power 
supplies  with  zero  current  drain.  Rugged, 
well-damped  movement.  All  elements  sur¬ 
rounded  by  metal 'shielding  for  accuracy 
and  safety. 

Write  for  new  bulletin. 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE,  MASS. 

Representatives 

Chicago  •  New  York  City  •  Los  Angeles 


JONES  2400  SERIES 
PLUGS  and  SOCKETS 

A  new  series  of  Plugs 
and  Sockets  designed 
for  highest  electrical 
and  mechanical  eifi- 
ciency.  Improved 
Socket  Contocts  pro¬ 
vide  4  individual  flex¬ 
ing  surfaces  which 
make  positive  contact 
over  practically  their 
entire  length. 

The  Contacts  on  both 
„  Plugs  and  Sockets  are 

P-2406-CCT  mounted  in  recessed 

pockets  great¬ 
ly  increasing 
leakage  dist¬ 
ance.  Increas¬ 
ing  voltage 

c  2400  an  rating.  Mold- 

S-2406-SB 

Bokelite  insulation.  Plug  and  Socket  con¬ 
tacts  ore  silver  plated.  The  finished  ap¬ 
pearance  of  this  series  will  add  consider¬ 
ably  to  your  equipment. 

The  2400  Series  are  interchongeable  with 
all  units  of  the  corresponding  No.  400  Series. 

Send  today  for  general  cotolog  No.  14 
listing  and  illustrating  our  complete  line 
of  Plugs.  Sockets  and  Terminal  Strips. 


l+touifiRD  B.  joncs  company 

2460  UU’G€0RG€  ST.  CHICAGO  16 


S-2406-SB 


for  Delicate  Soldering  Tasks 

VULCAN  / 


Pygmy 

ELECTRIC 

SOLDERING 

TOOLS 


STANDARD  Vs  INCH 
Also  Avaiiablo  3/U  Inch 


Finds  its  way  in  where  there 
-  is  little  clearance  or  cramped 
space. 

Particularly  useful  for  meters, 
electrical  instruments,  small 
radios  and  similar  articles. 


VULCAN  ELECTRIC  COMPANY 

DANVESS,  to,  MASS. 

Makers  of  a  wide  variety  of  Hoofing  Elomenfs  for  assembly  info  manu¬ 
facturer’s  own  products  and  of  Hooting  Specialties  that  use  electricity. 


eight  years  ago 


"daddy"  of 
'-type  pow- 
iron  cores— 
8  years  ago. 


e^ruc  PIONEERED 

the  manufacture  of 

SCREW-TYPE 
POWDERED 
IRON  CORES 


. .  .  today  Pyroferric 
is  manufacturing  a 
full  line  of  standard 
sized  Powdered  Iron 
Screw-type  Cores  of 
varying  lengths,  with 
standard  threads,  os 
well  as  its  complete 
line  of  powdered 
iron  cores,  with  and 
without  inserts. 


For  Powdered  Iron  Cores  to  meet  your 
specification  address  your  inquiry  to 

Pyroferric  Co. 

175  VARICK  ST  .  I  NEW  YORK  14,  N.  Y. 
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PHOTO  ELECTRIC 
CELLS 


lion  for  March,  as  shown  in  the  ac¬ 
companying  chart  prepared  by  the 
Civilian  Production  Administration. 
For  January  the  breakdown  by  set 
j  types  is  reported  by  RCA  as  follows: 


Type  of  set 


Table  set . 

Console  set . 

Portable  set  (bat  tery  and/or 

a-c/d-c . 

Auto  set . I 

Farm  battery  set  (table  or 

console) . | 

Elec,  phono.  &  mreleas 

record  players . 

Table  coiwination  set . 

Console  combination  set .  .  . 
.\ppatatus  without  cabinets 


$7,212,700 

14,500 


434,000 

550,100 

349,400 

467,600 

923,800 

362,300 

3,000 


Total . I  551,077  110,317,400 


Receiver  Production  in  1946 


I  Many  Standard  Mountings. 


In  addition  to  the 
housed  model  shown 
here,  with  its  plug-in 
contacts,  Bradley  also 
offers  tube  socket,  nut- 
and-bolt  types  and  pig¬ 
tail  contaa  mountings. 

The  shapes  of  Lux- 
tron  photocells  vary’ 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

For  direct  conversion 
of  light  into  electric 
energy,  specify  Brad¬ 
ley’s  p^tocells.  They 
are  rugged,  lightweight 
and  true-to-tating. 


Illustrated  literature, 
available  on  request, 
dtows  more  models  of 
Bradley  photocells,  plus 
a  line  of  copper  oxide 
and  selentum  rectifiers. 
Write  for  'The  Bradley 


Resitlts  of  an  FCC  questionnaire 
point  to  a  probable  production  of 
over  22,000,000  broadcast  receivers 
of  various  types  in  1946.  The  85 
manufacturers  reporting  include  all 
but  four  of  those  expected  to  be  sub¬ 
stantial  producers,  and  the  estimates 
by  these  (as  of  April  1,  1946)  point 
to  a  total  set  production  substan¬ 
tially  larger  than  for  any  prewar 
year.  The  estimate  of  1,800,000  f-m 
sets  is  about  nine  percent  of  total 
production;  the  Commission  hopes, 
in  the  light  of  the  rapid  progress 
being  made  with  f-m  on  the  station 
side,  that  manufacturers  may  revise 
their  production  schedules  to  include 
a  greater  proportion  of  f-m  receivers. 
As  of  April  1,  1946,  the  Commission 
had  received  applications  for  834 
f-m  stations  in  addition  to  the  50 
stations  now  on  the  air,  and  had 
made  383  conditional  grants  to  f-m 
applicants. 

Estimated  production  figures  for 
broadcast  receivers  of  various  tyrpes, 
with  the  number  of  manufacturers 
reporting  production  plans  for  each 
type,  are  as  follows: 


Type  of  receiver 


Num-  Number 
ber  of  of 
manu-  receivers 
fncturers 


WE’LL  MATCH  ANY  INDUCTOR 
REQUIREMENT 


BARKER  & 
WILLIAMSON 


JL  lug-in  Type 

AIR-WOUND 

INDUCTORS 


BRADLEY 


LABORATORIES,  INC 


.  62  •Aeadow  St.  New  Haven  10,  Conn 


No  other  type  of  coil  can  equal  B  &  W 
AIR  Inductors  for  all-around  efficiency. 
AIR  WOUND  Inductors  are  lighter, 
easier  to  tap,  wound  to  uniform  pitch, 
have  exceptionally  low  dielectric  loss 
(no  winding  form  in  coil  field)  and  are 
extremely  durable.  There  is  little  about 
them  to  break  if  dropped.  Even  if  bent 
completely  out  of  shape,  they  can  easily 
be  repaired.  B  &  W 
types  include  stand-  /V 

ing  link  assemblies  / 

in  sizes  and  ratings  I 

for  almost  any  ap- 

plication.  Write  for  ^  y 

catalog. 


B&W 


INDUCTOR 

HEADQUARTERS 


A-m  band  only . 

F-m  band  only  (8S-108  me) . . 
A-m  band,  F-m  band  (SS-lOS 

me) . . 

Te^e^■ision  band  1  onlj- 

frhannels  1-13) . 

.\-m  band,  F-m  band  (88-108 
me),  tclevisimi  band, 

(channds  1-13) .  . . 

.4-m  band,  television  band 

(channels  1-13) . 

F-m  band,  trfevision  band 

(channels  1-13) . 

TeievisioD  (channels  1-6) _ 

.\-m  band,  te)e%'ision  band 

(channds  1-6) . 

MiscellaneoiLs . 

Receiver  type  unspwiSed.. . . 

!  Total  producuon  of  re- 
I  ceivera . 


16,736,862 

86,286 

1,689,750 

44.706 

.’>4.606 

500 

.500 

4,000 

10,000 

21,250 

2,481,300 

21,1-29.760 


Dept.  E-M.  235  Foirfleld  Avenu* 
Upper  Darby,  Penna. 
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New  ATLAS 
"HI'Conver*ion” 
Re-entrant  Speaker* 


lIRNIACH. 


....  also  pioneers 
in  the  design  and 
manuiactvue  of 

Ceramic,  Porce¬ 
lain  &  Steatite  in- 
snlators, Antennas, 
Hook-Up  Wires, 
Shielded  Micro¬ 
phone  Cable  and 
S.  J.  Cable. 

Specify  and  rise 
"Birnbach"  products. 
Complete  Stock  at 
your  jobber. 


\  « 


Advancement  on  Sound  Equipment  has  kept  pace  with  allied  fields. 
That  means  Progress  has  been  greatly  accelerated  during  the  past  few 
years.  New  models  incorporate  such  a  vast  number  of  improvements 
that  preceding  models  are  almost  entirely  antiquated. 

Get  acquainted  with  the  newly  completed,  redesigned  and  restyled 
Atlas  Sound  Equipment — and  know  the  perfection  of  modem,  up-to-the- 
minute  performance.  Write  for  illustrated  catalog  sheets. 


BIRNBACH  RADIO  CO..  Inc 

HUDSON  ST  NIW  YORK  13,  N  Y 


CUSTOM  MOLDED 

PinSTICS  PARTS 


IJ  REGULATED  POWER  SUPPLY 

aso.4so  volts 

1-*^  Wide  fields  of  application  have  been  opened  up  both  in 
\  research  and  industry  for  this  unit.  A-C  ripple  is  negligible 

and  extreme  care  has  been  taken  to  eliminate  high-fre¬ 
quency  noise.  Regulated  power  supply  units  are  invaluable  for 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power-supplies  are  available  in  the  follow¬ 
ing  ranges:  180-300  vehs  160-1500  voHs  Dual  Regulated 

Write  today:  Electronics  Department,  Specialty  Division, 
General  Electric,  Syracuse,  N.  Y.  j 

GENERAL  ®  ELECTRIC 

iS4.Ka 

Rsdronic  AteoMUihg  (mfrumenfs 


TfCoided . .  to  moot  ipocilc 
rtqoiroininti...by  on  ixporioncid  organization 
. . .  toolid  for  the  production  of  plastics  ports 
for  oltctricol  or  gtnirol  applications.  Inquirios 
ocknowlidgtd  promptly. 


eAilfUvett  oAioCcUiui 

(ind  s  VVemttl^^cix tetri II o|  CV- ' 


335  NOhTH  WHIPPLE  ST. -CHICAGO  13,  ILL. 


PS-1 


Allied’s  1946 

CATALOG 

0^  l^aeUa  and 
SUciwMic  SecfrfoUeA  I 


LARGEST  AND  MOST  COMPLETE 
STOCKS, ••Under  One  Roof 

You’ll  find  this  new  Buying  Guide 
extremely  helpful  and  valuable  today! 

Places  over  10,000  items  at  your  makes  here  in  one  large  central  stock 

finger  tips — for  research,  mainten*  to  give  you  faster,  more  efficient,  more 

ance  and  production.  Includes  parts,  complete  service— saves  you  time, 

tubes,  tools,  books,  test  instruments,  work  and  money.  Whatever  you 

public  address  and  communications  need  ...  it  pays  to  check  with  Allied, 

equipment.  Concentrates  all  leading  Write,  wire  or  'phone  Haymarket  6800. 


833  W.  Jackson  Blvd.,  Dept.  24*  F -6,  Chicago  7,  III! 


F-m  adaptsrs . 

4 

47.000 

F-m  oonvertere . 

3 

37,000 

Other . 

1 

1.000 

Unite  supplied  to  ot  hers 

2 

00,000 

Units  for  nport . 

16 

677, OW 

Total  for  all  receivf* 

types . 

21.981.810 

MEETINGS  TO  COME 

June  20-23;  Society  for  the  Promo¬ 
tion  OF  Engineering  Education; 
annual  meeting,  JefTer.son  Hotel,  St. 
Louis,  Mo. 

June  24-26;  Society  for  Experi¬ 
mental  Stress  Analysis;  spring 
meeting,  Statler  Hotel,  Buffalo,  N.Y. 

June  24-28;  AIEE  1946  Summer 
Convention;  Statler  Hotel,  Detroit, 
Mich.  Technical  program  includes 
sessions  on  electronics,  a  conference 
on  servomechanisms,  and  sessions 
on  automatic  control  devices. 

June  24-28;  ASTM  Annual  Meet¬ 
ing  AND  Exhibit;  Statler  Hotel, 
Buffalo,  N.  Y. 

Sept.  10-14;  National  Chemical 
Exposition;  Coliseum,  15th  and  Wa¬ 
bash  Ave.,  Chicago,  Ill. 

Sept.  16-20;  Instrumentation  for 
Tomorrow — Exhibit  and  Confer¬ 
ence;  Wm.  Penn  Hotel,  Pittsburgh, 
Pa. ;  daily  technical  sessions  and  pro- 


for  MARINE, 
AIRCRAFT,  POLICE 

Frequency  Range  1000  KC  fo 
10.5  MC 

Type  Z-1.  the  new  standard  crys¬ 
tal  unit  for  marine,  aircraft  and 
police  service,  is  a  precision  low 
temperature  coefficient  unit  that 
meets  all  F.C.C.  requirements. 
Temperature  coefficient  less  than 
2  cycles  per  MC.  "C.  Calibrated  to 
within  .005%  of  specified  frequency. 


PfiTtRSEN  Radio  Companv 


3800  WIST  BROADWAY - TIliPHONI  3760 

Council  Bluffs,  Iooifv 


gram  of  short  educational  courses. 

Oct.  3-5;  National  Electronics 
Conference;  Edgewater  Beach  Ho¬ 
tel,  Chicago,  Ill.;  technical  programs 
under  three  main  heads — communi¬ 
cations,  industrial  electronics,  and 
scientific  and  medical  developments. 

Oct.  10-11;  Television  Broadcast¬ 
ers  Association  Conference;  Wal¬ 
dorf-Astoria  Hotel,  New  York  City; 
latest  television  equipment  will  be 
exhibited. 

BUSINESS  NEWS 

The  Electronics  Engineering  Co., 
Gary,  Indiana,  has  been  formed  for 
the  conduct  of  design,  development, 
and  service  in  electronics,  sound, 
and  radio  by  Henry  B.  Young,  Elmer 
E.  Crump,  Henry  J.  Bell,  John  Hud¬ 
son,  P.  A.  Brown,  Eugene  Smith, 
and  Edward  W.  Brown. 

James  G.  Biddle  Co.  has  consoli¬ 
dated  its  offices  and  factory  at  a  new 
location,  1316  Arch  St.,  Philadelphia. 

Illinois  Condenser  Co.  is  moving 
into  a  new  plant  at  1616  North 
Throop  St.,  Chicago,  where  they  will 
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^IflTALAti 


DOUBLE-CHECK  SYSTEM 

^JE-IO  —  Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy  —  Pins  of 
stainless  steel. 


#JE-  12  —  (Hardened 
tool  steel  insert)  or 
JE-13  (Stainless  steel 
Insert)  Miniature  tube 
p  i  n  sfraightener  to 
obtain  a  perfect  fit 
w  )i  e  n  the  tube  is 
placed  in  the  set. 


For  complete  information 
and  prices — write 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  Cedar  St..  New  York  6.  N.  Y. 


The  Most  Indispensable  Reference  in  Radio-Eleetronies 

Electronic  Engineering  Muster  Index 


A  master  compilation  of  over  13,000  titles, 
articles  and  texts  selected  for  their  value  to  the 
research  engineer,  this  INDEX  covers  the  years 
1925-1945  and  enables  you  to  survey  twenty 
years  of  research  literature  on  any  subject  in  a 
matter  of  minutes! 

Vitally  Needed  In  Every  Lmberaiery  and  Library 
COMPLETE  IN  ONE  VOLUME 


PART  I 

Janaary  1925  to 
Dacambar  1934 


PART  II 

January  1935  to 
June  1945 


PARTIAL  UST  OF  PERIODICALS  INDEXED: 


Bell  Laboratories  Record 
Bell  System  Technical 
Journal 

Communications 
Elearical  Communication 
Electrical  Engineering 
Engineering 
Elearonics 
Electronic  Industries 


Journal  of  I.E.E. 

General  Electric  Review 
Physical  Review 
Proceedings  I.R.E. 
Transactions  of  A. I.E.E. 
Transactions  of  A.S.M.E. 
Radio  News 
R.C.A.  Review 


Jour,  of  Applied  Physics  Wireless  Engineer 

A  $300  Reference  Library  in  One  Volume  for  $17.30 

Descriptive  circular  on  request. 

ELECTRONICS  RESEARCH  PUBLISHING  COMPANY 

2  West  46th  5treet  New  York  19.  N.  Y. 


LAMP  ANNUNCIATORS 

Kirkland  Bulli-I-Units  are  ideal  for  this  purpose 
Just  provide  the  proper  size  holes  in  the  panel, 
then  insert  the  Kirklond  units  and  lock  into 
place.  AAony  different  units  to  choose  from. 
Auembly  is  then  ready  for  installation. 

Connect  incoming  wires  and  place 
In  service.  Typical  unit  illustrated 
obove  mode  with  T2  units. 


KIRKLAND  Pioneer 

INDICATING  LAMPS 


Smell  end  modern,  molded  of  bekellte. 
For  use  with  slide-bese  switchboerd 
bulb  (24  volts,  0.038  Mex.  Amp) 
with  resistor  on  120-220-440  volts. 
Overell  die.  Lens-Cep 

LIST  PRICE  (lets  bulb)  70e. 

Write  Today  for  Catalogue 


■nnmm  ^  wL..!  I  I^.^JLIU  i  , 


MANUFACTURERS  OF  RADIO,  ELECTRICAL 
AND  ELECTRONIC  COMPONENTS 


ThcH  R.  KIRKLAND  CO,  Morr.stowr^Nj.  117  3  00  HURON  RIVER  DRIVE  •  DEXTER,  MICHIGAN 
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Right  where 
it  belongs 

PUTTING  THE  HORSE 
BEFORE  THE  CART 

for  finer  instrumentation 

Victoreen  sub-miniature  vac¬ 
uum  tubes,  series  VX  with  10 
milliampere  filament  operation, 
grid  current  of  10*^^  amperes 
and  grid  resistance  of  10^* 
ohms  or  greater,  offer  tubes 
especially  designed  for  exact¬ 
ing  circuit  requirements— rather 
than  the  expediency  of  using 
circuits  designed  around  ex¬ 
isting  tube  characteristics. 

AVAILABLE  AS  PENTODES,  TETRODES, 
TRIODES  AND  DIODES 


Actual 


SifC 


.  •  •  and  filling  another 
long  recognized  need 


Victoreen  Hi-meg  vacuum 
sealed  resistors  supply  the 
demand  for  a  stable  preci¬ 
sion  resistor  in  a  range  of 
100  to  10,000,000  megohms. 

Write  for  technical  data  on 
VX  tubes  and  resistors. 

THE  VICTOREEN  INSTRUMENT  CO. 

StOO  PERKINS  AVENUE 
CLEVELAND  14.  OHIO. 


install  new  and  modern  machinery 
for  the  manufacture  of  oil,  paper, 
and  electrolytic  capacitors. 

Westinghouse  Electric  Corp.  has 
formed  a  Specialty  Transformer  De¬ 
partment  with  Chris  H.  Bartlett  as 
manager.  This  new  section  of  the 
Sharon  Transformer  Division  will 
handle  engineering,  manufacture, 
and  sale  of  radio  and  other  electronic 
transformers  and  specialty  trans¬ 
formers  of  a  similar  character. 

University  Lx)udspeakers,  Inc.  is 
the  new  name  of  University  Labora¬ 
tories,  New  York,  N.  Y. 

Allen  B.  DuMont  Laboratories, 
Inc.,  Passaic,  N.  J.,  announces  the 
purchase  of  the  Doherty  Building  in 
Clifton,  N.  J.,  adding  150,000  sq  ft 


N«w  DuMont  plant  crt  Clifton.  Now  Jorsey 

of  production  space  in  a  four-story 
building  occupying  an  entire  city 
block  or  about  acres  of  ground. 

CoLUMBu  Wire  &  Supply  Co.  has 
moved  into  its  own  building  at  5734 
Elston  Ave.,  Chicago. 

National  Research  Corp.  is  build¬ 
ing  new  quarters  on  the  Charles 
River  Basin,  Cambridge,  Mass.,  adja¬ 
cent  to  Massachusetts  Institute  of 
Technology. 

United  States  Television  Mfg. 
Corp.  announce  removal  of  their 
offices  and  factory  to  3  W.  61st  St., 
New  York  City. 

New  Enterprises,  Inc.,  84  State  St., 
Boston,  Mass,  has  been  organized  to 
provide  financial  assistance  in  prov¬ 
ing  the  value  of  new  scientific  and 
engineering  developments  and  proc¬ 
esses  or  in  expanding  existing  small 
businesses  that  show  promise  of  be¬ 
coming  profitable  enterprises. 

Television  Productions  Inc.,  a 
Paramount  Pictures  subsidiary,  has 
placed  on  the  air  its  new  television 
transmitter  atop  Mt.  Wilson,  highest 
television  site  in  the  world  with  an 
altitude  of  6,000  feet.  Programs 


Used  in  AIRCRAFT  REMOTE  CON. 

TROL,  RADIO  and  RADAR  for 

maximum  dependability  and  mini¬ 
mum  size  with  these  special  fea¬ 
tures; 

•  HIGH  VIBRATION  RESIST 
ANCE  to  12G  at  100  milliwatts 
D.C.  in  coil. 

•  DOUBLE  CONTACTS  on  each 
blade,  which  gives  doable  the  as¬ 
surance  of  good  contact.  Platinum 
silver  alloy  contact  material,  rat¬ 
ing  1.5  amperes  at  115  volts  A.C. 

•  LOW  OPERATING  POWER  of  60 
milliwatts  on  D.C.  or  approx.  'A 
watts  A.C.  Coil  resistance  1  to 
10,000  ohms. 

•  MIDGET  SIZE,  1*  x  1!4*  x  I'A*. 
2'/2  oz.  (Type  6004,  D.P.D.T.) 

•  MOISTURE  PROTECTION  of 
coil  by  cellulose  acetate  insula¬ 
tion.  varnish  vacuum  impregna¬ 
tion.  second  varnish  dip  and 
baking. 

You  Need  an  Advance  Telephone 
Type  Relay  for  — 

•  HIGH  UNIT  PRESSURE  of  small, 
hemispherical  contacts,  no  waste 
contact  area. 

•  POSITIVE  MECHANICAL 
ALIGNMENT  of  armature  to  core, 
of  contact  to  contact. 

•  PIVOT  BEARING  HINGE  be^ 
tween  armature  and  frame  as¬ 
sures  minimum  of  friction — max¬ 
imum  life. 

•  SWITCHING  CAPACITY  from 
single  pole  single  throw  to  4  pole 
double  throw. 

•  OPERATING  POWER  moder¬ 
ately  low. 

•  TRUE  ECONOMY  OF  DESIGN, 
correct  materials  used  where 
needed,  excess  eliminated,  no 
waste  space. 

Catalog  with  complete 
description  and  prices 
will  he  sent  by  return 
Air  Mail  by  — 

ffdvanceffe/ayi 
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A  product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wire  manu¬ 
facture,  that  meets  the  most  rigid  re¬ 
quirements  of  radio  and  ignition  coils. 
A  new  coating  method  gives  a  smooth, 
permanently  -  adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flexibility  and  tensile 
strength  assure  perfect  laying,  even  at 
high  winding  speeds.  If  you  want  re¬ 
duction  in  coil  dimensions  without  sacri¬ 
ficing  electrical  values,  or  seek  a  uniform, 
leakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire  prod¬ 
uct  is  the  answer. 


Also  manufacturers  of  high 
grade  cotton  and  silk  cov¬ 
ered  wires,  cotton  and  silk 
coverings  over  enamel  coated 
wires,  and  all  constructions 
of  Litx  wires.  A  variety  of 
coverings  made  to  custom¬ 
ers*  specifications,  or  to  re¬ 
quirements  determined  by 
our  engineers.  Complete  de¬ 
sign  and  engineering  facili¬ 
ties  are  at  your  disposal; 


WORKS  LIKE  A 
SCREWDRIVER 

Speeds  Prodvctien/ 


Standard 
Sizes,  Hex, 

Square  or  Knurled, 

Chuck  Type  with  many 
Tools  for  many  uses 
Radio  and  Electrical  Shops 
Need  them 


request. 


INC 


WALDEN 


STEVENS 


468  SHREWSBURY  STREET 


WINSTED 


CONNECTICUT 


MASSACHUSETTS 


WORCESTER 


Booklet  TeUs  How  to  Use 


deiin^uectc 


FLOCK 


An  interesting  and  colorful  book¬ 
let  on  their  product  has  been  pre¬ 
pared  for  your  information  and 
convenience  by  the  makers  of  Cel- 
lusuede  Cotton  and  Rayon  Flock. 
Brief,  clear  explanations  give  all 
the  facts  you’ll  want  to  know  about 
this  versatile  coating  material;  what 
it  IS  made  of;  how  it  is  applied;  how  it  can  be  used.  In  the  pages 
of  this  booklet  you  may  find  the  answer  to  one  of  your  manufac- 
ing  problems.  You  will  be 
interested,  too,  in  the  col¬ 
orful  and  unique  applica¬ 
tion  of  Cellusuede  on  the 
booklet  cover.  Write  for 
your  copy. 


ENAMELED 

MAGNET 


WIRE 


IA.0 


ilf 
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\  You*lI  cave  time  and  money  if  you  order  your 

I  Terminal  Boards  ready-made  from  C.T.C.  Just 
I  send  in  complete  speci6cations  and  in  short 
I  order  you’ll  receive  perfectly  cut  and  finished 
I  linen  bakelite  boards  with  quick  soldering 
C.T.C.  Lugs  firmly  anchored  in  exact  position 
-and  ready  to  use. 

Boards  can  be  furnished  with  any  type  of  C.T.C.  Lug 
and  in  a  variety  of  thicknesses. 

Write  Cor  complete  information  or,  better  still,  send  us 
your  specifications  and  let  us  show  you  just  how  inexpen* 
sively  and  quickly  we  can  meet  them. 


CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue  •  Cambridge  38,  Moss. 


■'v‘'  ■ 

.“'8* 


"0 


•  The  meeting  of  extraordinary 
applications—the  designing  and 
developing  of  new  and  specialized 
transformers —  these  ore  the  doy-by- 
day  jobs  Electronic  Engineering  it 
known  for  doing  well. 


will  be  relayed  an  airline  distance  of 
18  miles  from  the  Hollywood  studios 
of  W6XYZ  to  its  Mt.  Wilson  trans¬ 
mitter  having  a  100-mile  radius  re¬ 
ception  range. 

Electronic  Corporation  of  Amer¬ 
ica  has  moved  all  manufacturing  and 
sales  operations  to  its  new  plant  at 
170-53  Street,  Brooklyn,  N.  Y. 

Shallcross  Mfg.  Co.,  Collingdale, 
Pa.  has  acquired  the  manufacturing 
rights  and  licenses  to  produce  Vari- 
aten  attenuators,  gain  sets,  and 
other  resistance  devices  manufac¬ 
tured  by  the  Cinema  Engineering 
Co.  of  Burbank,  Calif.  Engineering 
and  special  designing  will  continue 
at  the  Burbank  plant,  but  all  produc¬ 
tion  is  being  transferred  to  the  Col¬ 
lingdale  plant. 

Noma  Electric  Corp.,  New  York 
City,  has  purchased  manufacturing 
facilities  and  inventories  of  Oxford 
Tartak  Radio  Corp.,  Chicago,  and 
has  formed  Oxford  Radio  Corp.  as 
a  wholly-owned  subsidiary  of  Noma 
to  carry  on  the  loudspeaker  business. 

Audio  Devices,  Inc.,  Stamford, 
Conn.,  has  opened  its  new  research 
laboratories  devoted  exclusively  to 
sound  recording  and  research.  Er¬ 
nest  W.  Granck,  research  director, 
is  in  charge. 

.\IR  Design,  Inc.  is  the  new  short¬ 
ened  firm  name  of  Airdesign  &  Fab¬ 
rication,  Inc.,  Upper  Darby,  Pa., 
manufacturers  of  transformers  for 
the  electronic  industry. 

Essex  Electronics  recently  occupied 
new  plant  quarters  in  Berkeley 
Heights,  N.  J.  where  it  will  manu- 


For  commercial  airline,  civilian  aircraft,  marine,  police,  railway, 
automotive,  and  other  communication  equipment. 

Complete  line  for  the  amateur  bands. 

Custom  units  for  laboratory,  experimental,  and 
specialized  applications. 

Let  us  engineer  your  frequency  control  problems. 

Write  for  free  catalog  and  other  information. 


33  W.  Jockaen  Mvd.,  Chicoge  4,  III. 
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Un  future  peace-time 
production.  Rad  ex  will 
uphold  its  ^ar-won  re¬ 
putation  by  the  scope 
and  caliber  of  its  ser¬ 
vice  to  the  radio  and 
electrical  industries. 


Large  range  of  wire 
^  sizes  carried  in  stock 
for  immediate  fabri¬ 
cation  into  Rings  and 
Preforms. 


ELECTRONIC  SPECIALTIES 

MANUFACTURING  COMPANY 

127  North  Main.  Stroot,  Elkhart.  Indiana 


38  Years  of  Plastic  Molding  Experience 
7-11  ELKINS  ST.,  SO.  BOSTON  27,  MASS. 


Standard  Piezo  Company 

F  Stahl  i>hcd 

Quartz  Crystals  and  Frequency  Control  Equipment 

O ffice  and  l^et  elopment  iMhoratory 

S(R\MoN.I’\.  ('aki  isi  f.  Pa..  P.  O.  ItvJ  (sRI  ISl  I  .  P\, 


STANDARD 

CRYSTALS 


Originality  backed-up  by  years  of  practical  experi¬ 
ence  is  what  really  counts  when  it  comes  to 
producing  plastics  for  products  efficiently,  economic¬ 
ally  and  on  schedule. 

Northern  provides  that  type  of  experience  plus 
complete  quantity  production  facilities.  Specially 
designed  equipment  is  available  for  producing  un¬ 
usual  type  plastic  jobs,  impossible  to  duplicate  with 
standard  molding  presses. 

Out  engineers  will  be  glad  to  help  you  with  any  plastic  problem. 

INDUSTRIAL  CHEMICAL  CO. 


Radex  Corporation 


•  SOFT  SOLDER  RINGS 
AND  PREFORMS 


•  SILVER  SOLDER  RINGS 


•  COPPER  BRAZING 
RINGS 


Since  1909 


IIITIEI 

SPECIIl  IT 
PIOtBESSIVE 


fixed  and  variable  wire-bound  re¬ 
sistors  and  potentiometers,  have 
consolidated  their  three  plants  into 
one  location  at  511  E.  164th  St.,  New 
York  City. 

Minneapolis  -  Honeywell  Regu¬ 
lator  Co.  has  purchased  a  new  plant 
at  Leaside,  on  the  outskirts  of 


New  Honeywell  plant  In  Toronto,  pur¬ 
chased  from  Small  Electric  Motors  (Can¬ 
ada)  Ltd. 

Toronto,  that  will  triple  its  Cana¬ 
dian  manufacturing  facilities  for 
controls. 

JFD  Manufacturing  Co.  has  ac¬ 
quired  a  new  factory  site  in  Brook¬ 
lyn,  N.  Y.  on  which  a  modern  two- 
story  building  will  be  erected  as 
soon  as  construction  materials  are 
available. 

Electronics-Rochester  Inc.,  Cox 
Bldg.,  Rochester,  N.  Y.  has  been 
established  as  a  consulting  and  fab¬ 
ricating  service  for  single  units  or 
quantity  orders  of  specialized  elec¬ 
tronic  control  devices. 

PERSONNEL 

H.  H.  Schwartz  has  joined  the  staff 
of  Dee  Electronics  Limited,  Mont¬ 
real,  Canada,  as  communications  en¬ 
gineer. 

J.  Ernest  Smith  now  heads  the 
microwave  communication  engineer¬ 
ing  department  of  Raytheon  Mfg. 
Co.,  after  12  years  with  RCA  where 
he  rose  from  student  engineer  to 
division  head  of  RCA  Laboratories. 


‘O'  «  no  I 

upr.  CO.  ' 


J.  Ernest  Smith  F.  R.  Hensel 

F.  R.  Hensel  has  been  elected  vice- 
president  in  charge  of  engineering 
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Janette  lUamilacludng  6(nn^^ 

556  "lU.  Itloncoe  St.  eKlea<jo  6,  HI. 


C.to  A.C.  CONVERTERS 

The  Janette  Rotary  Converter  is  a  simple,  practical  method  for 
obtaining  Alternating  Current  when  only  D.C.power  is  available. 

.1  to  3.2  K.V.A. 

Janette  was  one  of  the  first  manufactur¬ 
ers  to  build  converters  especially  for  use 
with  A.C.  electronic  tube  devices.  Since 
their  inception  these  machines  have  es¬ 
tablished  a  world  wide  record  for  relia¬ 
ble,  efficient,  quiet,  trouble  free  opera¬ 
tion,  under  the  most  adverse  conditions. 

TWO  TYPES  are  available ;  one  for 
commercial  applications,  the  other  for 
marine  service.  Special  filters  for  sup¬ 
pressing  conducted  and  radiated  noise 
voltage  interference  can  be  supplied. 

If  you  want  a  really  dependable 
converter,  guaranteed  for  one  year, 
we  suggest  you  TRY  A  JANCTTE! 

May  We  Send  Literature? 


jSjRi3jTiTS 


D.  M.  STEWARD  MFC.  COMPANY 


I37J  NO«TM  BRANCH  STRffT  •  CHICAGO  3J  ILLINOIS 


Optical  Glass 
Specialties 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  all 
climates 


Television  Reflectors 


Precision-polished  optical 
face  plates  for  cathode  ray 
tubes 


.  ‘Si  ft 

,iv.s  wHh  P«* 


STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 


Optical  lenses,  prisms 
and  flats 


At  slight  additional  cost,  resistors  in  the 
Standard  Range  are  supplied  with  each 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  have  less  noise  than 
corresponds  to  a  change  of  resistance  of 
1  port  in  1,000,000  " 


FS  Precision-Bore  Glass  Tubes 
with  boro  exact  within  .0002" 

Confaef  us  for 

such  requirements 

FISH-SCHURMAN  CORPORATION 
230  East  4Stli  St..  New  York  17,  N.  Y. 


HIGH  VALUES 

15  to  1,000,000  megohms 


S.S.WHITB 


^nmmmrn  division 

NEW  YORK  te,  N.T.. 

S  •  AMCIATT  ACCtStORMS 
SMCIAtMRMVUL  RWHIS 


STEATITE 

CERAMIC 


on  Appikafiou  fyr 
iSiltor  Weighing  %  of| 
Cempatttble  Paper  Cupu0orsf 


Properties  and  Charaeteristies  of  Oer 
LAVITE  SI'S  Steatite  Ceramie  Body 

CemprvMiv*  Strength  . 00,000  Iba.  per  aguara  inch 

Tan.ila  Strength  .  7,200  Iba.  par  aguare  inch 

riexural  Strength  . 10,800  Iba.  per  aguare  inch 

Modulua  V  nupture  . 20,000  Iba.  per  aguare  inch 

Dialactric  Strength  . 238  volte  par  mil 

piela^ric  Conatant . e.A2  1 - 

^betor . a.eo  I 

bower  rector  .  4  40,  *  nieeebyel- 

Bulk  Specific  Oravity  . 2.004-^ 

Denaity  (from  above  gravity) ...  0.000  iba.  per  eubie  inch 

Hardnm  (Mohr  acaie)  . 7.0 

Softening  Tomperature  . 2.3S0»r. 

kioMr  Coefllcfont  of  expanaion  . 0.13x10— • 

Moiature  Abaorption  (ASTM  D-lie-42-A) . 0.00000 

Design  engineers  and  manufacturers  in  the  radio, 
elmrical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  rcsisunce 
to  rot,  fumes,  adds,  and  hi^  beat.  The  exceed- 
'"*7  Iw  loss-factor  of  LAVITE  plus  its  excellent 
workability  makea  it  ideal  for  all  high  frequency 
applications. 

we  will  gladly  supply  samples  for  testing. 
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WHAT  TYPE  OF 

Jewel  Assembly 

DO  YOU  NEED? 

No  matter  what  type  or  size  of  Jewel 
Light  Assembly  you  need,  chances 
are  we  can  produce  it  for  you  quickly, 
more  satisfactorily,  and  at  lower 
cost!  Here,  every  facility  is  avail¬ 
able  for  high  speed  quantity  produc¬ 
tion  .  .  .  speedy,  efiBcient,  economical 
service.  Drake  patented  features  add 
greatly '  to  the  value  and  dependa¬ 
bility  of  our  products. 

You’ll  like  the  friendly,  intelligent 
cooperation  of  our  engineers.  Let 
them  help  you  with  signal  or  illu¬ 
mination  problems.  Suggestions, 
sketches,  cost  estimates  or  asking 
for  our  newest  catalog  incur  no 
obligation. 


DRAKE  MANUFACTURING  CO. 

1713  .A  muBBARO  ST  CHICAGO  22  LL 


at  P.  R.  Mallory  &  Co.,  Inc.,  Indian¬ 
apolis,  Ind.  He  holds  more  than  140 
patents  on  alloys  and  metallurgical 
processes,  and  has  been  chief  metal¬ 
lurgical  engineer  for  Mallory  since 
1934. 

Arthur  J.  Sanial  announces  the 
opening  of  a  consulting  engineering 
office  in  Flushing,  N.  Y.,  specializing 
in  electroacoustics  and  audio  elec¬ 
tronics. 

Karl  Kramer  has  been  transferred 
from  the  engineering  to  the  sales 
department  of  Jensen  Radio  Mfg. 
Co.,  Chicago,  Ill. 

Robert  L.  Wolff  becomes  chief  radio 
and  electronics  engineer  at  Centra- 
lab.  Division  of  Globe-Union  Inc., 
Milwaukee,  Wis.,  after  four  years 
with  Western  Electric  Co.  and  four 
years  with  Wells-Gardner. 


B.  L.  WoUi  F.  I.  Galiney 

F.  J.  Gaffney,  former  head  of  the 
measurement  and  test  equipment 
group  at  MIT  Radiation  Laboratory, 
has  been  appointed  chief  engineer  of 
Polytechnic  Research  and  Develop¬ 
ment  Co.,  Brooklyn,  N.  Y.  Before 
the  war  he  was  chief  engineer  for 
Bro\\Tiing  Laboratories. 

Ben  Waxler,  formerly  chief  radio 
engineer  of  David  Bogen  and  of 
Regal  Electronics,  is  now  chief  radio 
engineer  of  Globe  Electronics  Corp., 


Se-6  M  Series 


A  group  of  several 
half-wave  rectifiers 
rated  up  to  4000  volts 
peak  inverse,  5  milli- 
amperes  D.C.  Illus¬ 
trated  are  models  Se- 
6M55-H2  and  Se- 
6M28-H1. 

Bradley  engineers 
have  had  wide  ex¬ 
perience  with  rectifica¬ 
tion  problems  involv* 
ing  instruments,  elec¬ 
tronic  devices  and 
power  applications. 
The^-  will  glady  spec¬ 
ify  the  proper  selenium 
rectifier  for  your  cir¬ 
cuit,  or  design  and  pro- 
duce  a  special  unit  for 
you. 


BRADLEY 


LABORATORIES.  INC. 


82  Meadow  St.  New  Haven  10,  Conn 


mm 


SELENIUM 

RECTIFIERS 


LOW  VOLTAGE 


FtnMrly  Whtlisalt  Radia  Laboratories 


IMMEDIATE  DELIVERY! 

WRL  Muimester 

— •  Rtiirdy  Steel  Case 
O  •  30-fi0  Decree  Angle 

l\^  CATr''N0.  16-491 

W  e  w  o  ^  e 

$18.75 

^  TEST  LEADS  e  ZA 

-  CAT.  NO.  17-459 

Ranges:  DC  Volts— 0/,5/50/2r)0/500  V.  AC  Volts— 
0/10/100/500/1000V,  DC  Mills— 0/10/100  Mills. 
Ohmmeter — Low  Range  0-500  Ohms.  High  Range — 
0-100,000— *1  Meg.  3”  Meter  with  sturdy  D'Aronsval 
movement.  Size  5^  x  8  x  3^. 

Phono  Amplifier  Kits 

Complete  with  tubes,  speaker, 
stamped  chassis,  resistors  and 
condensers.  Many  other  kits  also 

available.  Cat.  No.  7-271.  1  C 

$9.50  ea.  Lots  of  3,  ea.. . .  1  O 

On  our  toes  at  all 
times  to  give  you  the 
best  in  radio  and 
electronic  devices  of 
all  kinds.  Immediate 
delivery  to  all  parts 
of  the  world  from 

_ _  the  heart  of  America. 

WE  INVITE  INQUIRIES  FROM 
AGENTS,  IMPORTERS.  BROKERS 
ED  EE  I  52  Page  Packed  with  savings  in  radio, 
^  C*taloq  electronic,  and  general  merchan¬ 

dise.  Send  for  your  copy  today. 

Handy  Tube  Base  Calculator  25c 
Giant  Radio  Reference  Map  15c 
Address  Dept.  E-6  Council  Bluffs,  Iowa 


Short  pistol  length  and  slender 
loop  type  tip  permits  working  in 
close  quarters  and  around  sharp 
corners.  Tip  easily  formed  by 
hand  to  fit  the  job. 

•  BUILT-IN  TRANSFORMER  PRINCIPLE  FOR 
FAST  SOLDERING  HEAT 
•115  VOLT-60  CYCLE-100  WATTS 
•ALWAYS  READY  TO  USE 
•STAYS  TINNED -NO  TIP  BURNING 
•INEXPENSIVE  TIPS  EASY  TO  REl»LACE 
•IMPACT  RESISTING  CASE 

WELLER  MFG.  CO. 

515  NORTHAMPTON  ST.  •  EASTON,  PA. 

•tradi  mark  ric  u.  a.  rat.  opr. 


HIGH  CURRENT  ^ 


4.  SPEEDS  UP 
^  WORK. 


PERFECTLY  BALANCED 
EASY  TO  HANDLE 


Transformer  Type  SPEED  IRON 


A^^TWg  VfiAhA  Vfi'OAAAAJ^AV  AAA  WU9  VfiA  AAA^  VAAAWfi 

recording  instrument  of  imusual  accuracy  and  dependability. 
Specifically  designed  and  built  to  meet  the  long-felt  need  in 
Colleges  and  Technical  Schools  for  a  low-price  precision  test¬ 
ing  until  adaptable  to  general  laboratory  and  field  work. 

Embodies  instant  magazine  loading,  simultaneous  view¬ 
ing  and  recording,  automatic  brilliancy  control,  and  four 
operating  speeds;  48",  24",  12",  and  6"  per  second.  Operates 
from  110-volt  a-c  outlet.  Weighs  40  lbs.  Measures  10"  wide 
by  lYV^a'^longxlOVa"  high. 

Write  for  Bulletin  SP-183  Hathaway  Instrument  Co.,  131S 
S.  Clarkson  St.,  Denver  10,  Colorado. 


HATHAWAY  INSTRUMENT  CO.,  Denver 


NOW  AVAILABLE! 


1EYMAN  MANUFACTURING 
COMPANY 


STUDENT'S 

OSCILLOGRAPH 


BY 


LABORATORIES  V 


w 

INCORPORATEC 
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ALL  SOLDER  WIRE 
LOOKS  THE  SAME 
FROM  THE  OUTSIDE 


TRI-CORE'S 

TRIPLE-FLUXING 

Mokes  the  Difference 

•  FASTER.  BETTER  SOLDERING! 

•  SAVINGS  IN  LABOR  &  MATERIALS 

Tri-Core’s  arrangement  of  three  independently  filled  cores  places 
them  closer  to  the  surface.  Heat  hits  flux  in  a  flash,  releasing  flow 
instantly.  Solder  flows  faster  too,  which  gives  results  found  in 
solders  of  a  much  higher  tin  alloy  content.  Hence — a  real  saving 
of  tin,  refleaed  in  lower  solder  costs. 

Writ*  Today  for  Tri-Coro  Tost  Soaplo  .  .  .  oad  Doseriptivo  Bollotio 

ALPHA  METALS,  Inc. 

Sioglo  Coro,  Rosio  ood  Acid  Filiod  Spoeioi  Coro  Soidor, 

Wiro,  Bar,  Shoot,  Proformt.  Load  aod  Tia  Prodocts. 

371  HUDSON  AVENUE  BROOKLYN,  1,  N.  Y. 


ROTARY  SELECTOR  SWITCHES 

FOR  THE  CRITICAL  ENGINEER 


TYPE  XC — Single  or  multiple  decks.  Instru¬ 
ment  type.  Contact  Resistance  less  than  .001 
ohm.  Ideal  for  shunt  ammeter,  thermo 
couple  type  measuring  equipment  and 
Wheatstone  Bridges. 


SERIES  EE-14 — Single  or  multiple  decks.  One  to 
six.  14  circuits  each  deck.  Shorting  or  non¬ 
shorting  contacts.  Recommended  for  use  in 
quality  test  equipment  or  accurate  switching  of 
multi-circuits  with  low  contact  loss. 


SERIES  EE-20 — Similar  to  Series  EE-14  but  with 
20  circuits  each  deck.  Contacts  and  moving 
parts  heavy  coin  silver  plated  to  meet  200 
hour  salt  spray  test.  Low  leakage  laminated 
plastic  decks  selected  for  maximum  mechanical 
and  dielectric  strength. 

Write  for  catalogue 

CoZp. 


41  CHESTNUT  STREET,  NEW  HAVEN,  CONNECTICUT,  U.S.A. 


as  assistant  professor  of  electrical 
engineering,  and  will  direct  elec¬ 
tronics  work  in  the  school's  new  elec¬ 
trical  engineering  course.  He  was 
formerly  assistant  director  of  the 
radar  school  at  MIT. 

J.  Elmer  Housley,  district  power 
manager  for  Aluminum  Company  of 
America,  will  be  the  next  president 
of  the  American  Institute  of  Elec¬ 
trical  Engineers  and  will  take  office 
August  1  for  one  year. 

Lawrence  Bailey,  formerly  radio¬ 
radar  materiel  officer  in  the  U.  S. 
Navy,  has  joined  the  staff  of  Spec¬ 
trum  Engineers,  Inc.,  Philadelphia, 
Pa.  Before  entering  the  Navy  he 
was  on  the  engineering  staff  of  sta¬ 
tion  WBEN,  Buffalo,  N.  Y. 

Weldon  E.  Rhoades,  who  served  as 
a  personal  pilot  for  General  Mac- 
Arthur  in  the  Pacific,  has  been 
appointed  director  of  the  air  naviga¬ 
tion-traffic  control  group  of  the  Air 
Transport  Association  of  America. 
His  duties  will  include  flight-testing 
and  evaluating  the  more  than  15 
electronic  systems  already  in  the 
field  for  control  of  air  traffic  both  on 
the  airways  and  when  landing. 

Burton  E.  Shaw,  newly  elected  vice- 
president  of  Photoswitch  Incorpor¬ 
ated,  Cambridge,  Mass.,  will  have 
charge  of  engineering  and  produc¬ 
tion.  He  formerly  held  a  similar 
position  at  Watts  Regulator  Co.  in 
Lawrence,  Mass.,  and  holds  many 
patents  on  control  devices. 


B.  E.  Show  U.  R.  Furtt 


Ulrich  R.  Furst  is  now  associated 
with  Furst  Electronics,  Chicago,  Il¬ 
linois,  a  new  firm  manufacturing 
industrial  electronic  equipment  for 
measurement  and  control  applica¬ 
tions.  He  previously  was  chief  elec¬ 
tronic  engineer  of  Russell  Electric 
Co. 

James  I.  Benjamin  has  been  ap¬ 
pointed  manager  of  the  Radio  and 
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The  Quadriga  Manufacturing  Co. 

Inrorporalrd  1  H  <1 

WASHERS  A  SMALL  METAL  STAMPINGS 
221A  West  Grand  Ave.  •  Chicago  10,  Illinois 


ARGON ■ NEON 
HELIUM. KRYPTON 
.  XENON 


Pockot  Library  of  Engintoring  Data 


Specializing  In  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
including  new  triple  strength  No.  5, 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


3126  L  FORT  STRflV 

DETROIT  7,  MICHICAK 


//r  hVasAers  / 

Etpoclally  inportoat  la  alactrleal  prodaets. 
whar*  VIIRATION  Is  aa  Mamy. 


Mad*  •xae^  to  your  spocifleotloiui  for  nootoit  procision. 
PROMPT  DELIVERY  any  washor  matoriaf,  ony  typo,  any 
quantity,  largo  or  unoll. 

Also  SMALL  METAL  STAMPINGS,  any  doslgn. 

Sosd  for  QUADRIGA  Ccrtalog 
Many  pbotograptM.  Valnoblo  onginooring  data. 


I  MANUFAaURERS  SCREW  PRODUCTS 
I  270  W.  Hubbard  St..  Chicago  10,  III. 

I  Please  send  nie  the  items  checked  below. 

I  n  “Pocket  Library  of  Engineering  Data". 

I  □  Bagful  of  STRONGHOLD  screw  products. 
I  □  NET  Price  Catalog. 

I  □  Prices  on  attached  request. 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


WGHIST  OUAUniS  •  ANT  QUANTITT 
DELIVIRID  ANYWHERE 


I  Ponrioi 


Address. 


1 

m 

SIS3EE 

ss 
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PRECISION  PARTS 


RECIPE 

FOR  PRECISION 


Precision  tools,  use4  daily  to  machine  to 
close  tolerances,  must  themselves  be  built 
with  hairbreadth  accuracy.  Here  is  an  Ace 
recipe  that  worked  successfully  for  one 
such  precision  instrument — a  size  and 
burnishing  tool! 

Start  with  high-speed  Delloy  steel.  Ma¬ 
chine  it  in  the  rough.  Heat-treat  according 
to  the  specifications  for  that  particular 
steel  (Rockwell  C63/66).  Grind  the  shank 
in  a  centerless  grinder  to  a  tolerance  of 
plus  or  minus  .0(X)25''.  Place  in  a  cylin¬ 
drical  grinder,  grinding  the  sizing  and 
burnishing  diameters  of  the  bit  to  a 
tolerance  of  plus  O',  minus  .0005'^.  Result : 
a  fine  precision  tool,  a  product  of  Ace 
skill  dowm  to  the  last  ten-thousandth 
of  an  inch. 

This  is  just  one  example  taken  at  ran¬ 
dom  from  the  hundreds  that  pass  through 
the  daily  grind  here  at  Ace.  Ace  offers  a 
complete  service  for  the  production  of 
small  parts  and  assemblies  ...  in  any 
quantity,  to  tolerances  of  .(KX)!*'  .  .  . 
whether  the  material  is  steel,  non-ferrous 
metal,  or  glass.  With  Ace,  you  purchase 
all  your  precision  work  in  one  place  from 
the  tool  and  die  stage,  on  through  stamp¬ 
ing,  machining,  heat-treating  and  grind¬ 
ing.  All  of  the  work  is  carried  out  under  a 
single  roof,  a  single,  competent  manage¬ 
ment.  Send  us  a  blueprint,  sketch,  or 
sample  for  quotation. 


.  .  .  up-to-datt.  efficient  eguipment, 
from  tool  crib  to  inspection  bench . . . 


Electronic  Division  of  the  Lewyt 
Corp.,  Brooklyn,  N.  Y. 

SA.MUnb  J.  Novick  has  been  elected 
chairman  of  the  board  for  Elec¬ 
tronic  Corporation  of  America, 
Brooklyn,  N.  Y.  His  former  position 
as  president  of  the  firm  is  being 
filled  by  Garrard  Mountjoy,  who 
moves  up  from  vice-president  in 
charge  of  engineering. 

Winfield  Wagener,  at  one  time 
chief  engineer  for  Heintz  &  Kauf¬ 
man  and  (in  1944)  head  of  the  tube 
division  of  Litton  Engineering  Lab¬ 
oratories,  recently  joined  the  sales 
engineering  staff  at  Eitel-McCul- 
lough,  Inc.,  San  Bruno,  California. 

Martin  D.  Whitaker,  director  of 
Clinton  Laboratories  operated  by 
Monsanto  Chemical  Co.  at  Oak  Ridge, 
Tenn.,  will  begin  his  new  duties  as 
president  of  Lehigh  University  June 
1.  His  position  at  Oak  Ridge  is  being 
filled  by  Dr.  Eugene  P.  Wigner, 
member  of  the  Princeton  University 
faculty  and  an  authority  on  nuclear 
physics.  This  laboratory  is  one  of 
the  few  places  in  the  world  having  a 
chain  reacting  pile  for  fundamental 
research  in  nuclear  physics,  radio 
chemistry,  and  atomic  energy. 

John  Ashton  has  opened  a  radio 
laboratory  in  Greenwich,  Conn.,  for 
general  radio  engineering  practice. 

John  L.  Reinartz  has  returned  to 
RCA  after  seven  years  as  communi¬ 
cations  and  electronics  officer  in  the 
Navy,  and  will  be  in  charge  of  the 
amateur  radio  program  at  their  Lan¬ 
caster,  Pa.  plant. 

L.  H.  Robinson,  until  recently  a 
Ifajor  in  the  Signal  Corps,  accepted 


MICROWAVE  TOWER 


BATTERY  ELIMINATORS 

POR  CONVERTING  A.C.  TO  D.C. 
N«w  Models  . . .  designed  for  testing 
D.C.  electricol  apparatus  en  regular 
A.C.  lines.  Equipped  with  full-wave 
dry  disc  type  remfier,  assuring  neise- 
less,  interrarence-free  eperattM  and 
extreme  long  life  and  reliability. 

•  Elimbicrtes  Storage  Batteries  and 
Battery  Chargers. 

•  Operates  the  Equipment  at  Maxi¬ 
mum  Efficiency  at  All  Times. 

•  Pully  Automatic  and  Peel-Rreof. 


LOW  POWER  INVERTERS 

POR  INVERTING  D.C.  TO  A.& 
Another  New  ATR  Model . . .  designed 
for  operating  small  A.C.  meters,  elec¬ 
tric  rasers,  end  a  host  of  other  small 
A.C.  devices  from  D.C.  voltages 
sources* 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

POR  INVERTING  D.C.  TO  A.C. 
Specially  desiemed  for  operating  A.C 
radios,  television  sets,  amplifiers,  ad¬ 
dress  systems,  and  r^ia  test  e^p- 
ment  from  D.C.  voltages  In  vehicles, 
ships,  trains,  planes,  and  in  D.C. 
district. 

WRITE  POR  NEW'CATAIOO— 
JUST  OPP  THE  PRESSI 


AMERICAN  TELEVISION  &  RADIO  CO. 
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N  E  E I)  L  E  S 

- - - FAMOUS  SINCE  1892  > — - - 

l«*r  l*«‘rf«>rmaii«*«‘ 


VACUUM  CONDENSERS 

4^0^  94iJl444ifUcU  <i4ijA  QQm4ni44UCGiiM^ 


This  is  the  ncrHIe  that  has 
set  Performanre  Standards  in 
laboratories  and  studios  the 
world  over!  It  is  remarkable 
for  hi-iidelity  playback  .  .  . 
and  our  drastic  SHADOW* 
GRAPHING  eliminates  all  ex* 
cept  perfect  points.  A  profes* 
sionaPs  needle,  indeed,  vindi* 
eating  the  BAGSHAW  slogan: 

After  all  , 
you  can’t  beat  the  BEST  I 


II.  U  .  AI  TOX  ro..  i\r. 

I  IMS  1  HIM!  I  OM 

370si;\KMii  vork  i,  .>.  y, 


HARRIS 

OUFLEX  SHOCK  MOUNTS 


tubular  mounts 


tOMLEll  Btl"'''*®* 


CONTROL  VIBRATION 
ELIMINATE  SHOCK  &  NOISE 

HARRIS  PRODUCTS 

COMPANY 

5106  Cowan  Ave.  •  Cleveland  4,  Ohio 


electronics -*-Jtfn«  1946 


Low  power  losses — High  conductivity  glass 
seal.  No  high  resistance  metals  used,  which 
in  some  vacuum  condensers,  seriously  limit 
the  use  of  the  unit  on  the  higher  frequencies. 

Silver  plated  copper  terminals.  An  ideal 
conductor  for  radio  frequencies — No  solder 
connections. 

Heavier  plates — chemically  treated. 


RATINGS 

,  -ier  Series  60G3 
12-250  mmf 
Pk.  Volts  32,000 

^  Pk.  Amps  60 

Length  Overall  5  Inches 
Diameter  S'/g  Inches 
Standard  Tolerances 

Less  surface  leakage  due  to  increased 
glass  path. 

Trio  threaded  mounting  holes  —  center 
threaded  mounting  hole.  May  be  seriesed 
by  single  stud,  center  to  center;  paralled 
by  bolting  ends  to  conducting  bus — either 
thru  trio  or  center  holes;  stand-off  mounted; 
mounting  methods  prevent  frequency  drift. 

Electrically  and  mechanically  "heavy-duty." 


GILANDUN  ELECTRONICS 


14  UNION  AVENUE 


CAMPBELL  CALIFORNIA 


ment  .-.nc,  act  to 


T  -  vO'>  atvA  j 

atvV 

,ed  a<0».  I  , 


- 


a\ 

CENTERED^ 

m\ 

OPERATION 


The  DI'ACRO  Bender 
makes  perfectly  centered 

eyes  from  rod  or  strip  stock 

at  high  hourly  production 
rates.  Both  eyes  and  cen¬ 
tering  bend  are  formed 
vrith  one  operation.  Any  size  eye 
may  be  formed  within  capacity  of 
bender  and  ductile  limits  of  ma¬ 
terial. 


DI-ACRO 
Bandar  No.  2 

Forming  radius 
6*  approx.  Capa¬ 
city  round 
ooU  rmled  steel 
bar,  formed  cold 
to  1*  radius.  Also 
Bender  No.  3, 
ssith  forming  ra¬ 
dius  9*  approx. 


M-ACRO 


With  DI-ACRO  Benders 


DI-ACRO  Precision 
Bending  is  accurate  to 
.001*^  for  duplicated 
parts.  DI-ACRO  Benders 
bend  angle,  channel,  rod, 
tubing,  wire,  moulding, 
strip  stock,  etc.  Machines 
are  easily  adjustable  for 
simple,  compound  and 
reverse  bends  of  varying 
radii. 


DI-ACRO  Bandai 
No.  1 

Fcmning  radius  2* 
approx. 

A*  round'colt 
rolled  steel  bar  or 
cquiralent. 


Sand  for  CATALOG 

“DIE-LESS”  DUPLICAT 
ING  showing  many  kinds 
of  "dieless”  du  ”  '  _ 

luced  with  Dl-ACRO 
lers.  Brakes  and  Sheais. 


"Dll-AOMM^ 


•riiasiONMM 


omiL-IRUlin  mFD.  CO. 


321  emTH  AVENUE  SOUTH  •  MINNEAPOLIS  IS,  MINN. 


A.M.-F.M.- TELEVISION 

Make  pleased  customers  and 
bigger  profits  .  .  .  osk  your 
distributor  for  BRACH  Puratone 
ANTENNAS. 


Spacial  -  purposa  transmitting  an- 
^nnas  dasignad  for  voluma  pro- 
duction  to  your  own  spacifications. 
Collapsibla  —  sactionol  —  dirac- 
tion  finding  —  radar  and  coaxial 
typa.  All  sizes,  lengths  and  ma¬ 
terials.  Consult  us  on  your  needs. 


I  S.  BRRCH  mFG.CORP. 

200  CENTRAL  AVENUE  NEWARK,  N.  J, 


WORLD’S  OLDEST  AND  LARGEST  MANUFACTURERS  OF  RADIO  ANTiNNAS  AND  ACCESSORIES 


a  position  as  radio  communications 
engineer  with  Galvin  Mfg.  Corp., 
Chicago,  Ill. 

G.  F.  Metcalf  has  been  appointed 
manager  of  G-E’s  Electronics  Labor¬ 
atory  in  Syracuse,  N.  Y.  and  will 
have  charge  of  electronic  research 
for  the  Electronics  Department  to  be 
located  in  the  ten-million  dollar  elec¬ 
tronics  headquarters  plant  now  be¬ 
ing  built.  He  has  been  with  G-E 
since  1928  except  for  service  with 
the  Signal  Corps,  from  which  he  re¬ 
tired  with  the  rank  of  Colonel. 


G.  F.  Matcalf  A.  Ellatt 


Alexander  Ellett,  who  as  head  of 
NDRC  Division  4  directed  develop¬ 
ment  of  the  v-t  proximity  fuze  and 
other  still  secret  scientific  weapons, 
has  joined  Zenith  Radio  Corp.,  Chi¬ 
cago,  Ill.  as  director  of  research. 
Prior  to  joining  NDRC  in  1940  he 
was  professor  of  physics  at  the  Uni¬ 
versity  of  Iowa. 

Albert  D.  Silva  joins  Columbus 
Process  Co.,  Inc.,  Columbus,  Ind.,  as 
director  of  engineering  and  chair¬ 
man  of  the  board.  For  the  past  ten 
years  he  has  been  with  Noblitt- 
Sparks  Industries,  where  he  served 
as  chief  radio  engineer  and  as  di¬ 
rector  of  electronic  research. 

Paul  Rosenberg  has  established  a 
firm  of  consulting  physicists  known 
as  Paul  Rosenberg  Associates,  with 
offices  in  New  York  City.  Work  will 
be  done  in  radar,  ultrasonics,  tele¬ 
vision,  optics,  and  physics. 

F.  A.  Wankel,  NBC  Eastern  Divi¬ 
sion  engineer,  takes  over  supervision 
of  the  technical  broadcast  operations 
of  NBC  television  in  New  York.  This 
operations  group  was  recently  sep¬ 
arated  from  the  technical  develop¬ 
ment  group. 

Fritz  Franke,  formerly  chief  engi¬ 
neer  in  charge  of  research  and  de¬ 
sign,  is  now  assistant  sales  manager 
for  the  Hallicrafters  Co.,  Chicago, 
Ill. 
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Finc'l  Out  Now  About 

★  STAR  ★ 
CERAMICS 


There  are  many  kinds  for 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a  score  of  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts/'  It  is  right  to  the  point, 

★ 

The  STAR 
PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 


YOU  GET  MANY 

Sxtras/ 


Rowe  No.  7 
Permanent 
Magnetic 
Driver  Unit 


Extra  power,  extra  long  life,  extra  freedom 
from  break-downs,  extra  ease  of  replace¬ 
ment  . these  are  but  a  few  of  the 

many  extra*  you  get  in  the  ROWE  No.  7 

PERMANENT  MAGNET . first  choice 

of  sound  engineers  who  inTSStigote  thor- 
oughiy  and  anaiyse  carefully. 

The  3  lb.,  4  oz.  ALNICO  Magnet  gives 
power  and  permanency;  combined  voice 
coil  and  diaphragm  assembly  heads  off 
trouble,  provides  for  quick  replacement  if 
necessary.  Write  for  circular  40-E  giving 
complete  details. 

ELECTRONICS  DIVISION 


3120  MONROE  ST., TOLEDO  6, OHIO 


ONE  USER  OF  H-B 
Red-Top  THERMO-REGULATORS 
says ; 


"If  viere  a®  . 


vva'T® 


•  An  uiuolkHed  testimonial  from 
the  director  of  one  of  America's 
largest  research  laboratories. 

•  And  this  statement  is  based  on  the  use  of  H>B 
Thermo-Regulators  which  after  17  years  of  continuous 
service  ore  still  going  strong.  Investigate  the  limitless 
applications  of  the  H-B  Red-Top  Thermo-Regulator 
(adjustable  thermostat)  for  accurately  holding,  con¬ 
trolling  or  limiting  temperatures — automatically. 

Adjustable  between  minus  35*’  and  plus  350°  F.  Write  i 
us  for  catalog  No.  14,  just  off  press.  H-B  Instrument  / 
Company,  2524  N.  Broad  St.,  Philadelphia  32,  Pa.  /i 


OOUILC  ^ 


THBKMOMnnS  •  THUMOSTATS 
THIRMO-RIOULATORS 


SAY  MODERN  METHODS 

■  SLASH  SCREW  COSTS  86»/o  ^ 

*  By  Means  of  Speelol  OevelopieeeH  « 

KEENE.  N.  H.  (Speci.l)  -  A  ssvmg  of  « 
BSsS  in  screw  costs  .lone  for  one  cus-  •" 

'  .  with  .  reduction  >n  weight 

tomer.  the  remarkable 

•» ? 

;  I,":  ,te’c".cr.w  which  re,Uc«It«.  screw,  « 

to  is  directly  .«rihu<.hl. * 

I  En,ineeri«  Depertment,"  the  J 

vear  old  firm,  declared  today,  wo* 

customer  asked  us  to  develop  “ 

5  re‘‘^VlI«criI  ’ 

'  retie.—---  B 

lo  production  wc  a«^4  ih®  sidrIo  u 

*  wire  as  against  87.172  before.  And  the  single  u 


Til*  following  Tobos  oro  ovoiloblo 
for  IMMEDIATE  DELIVERY 
IGNITIONS 


V  '  HtatrluMonlMtshowsoneol  the^y  J 

•"  speci.1  D.^rt,e.t  . 

_ will  gladly  co-operate  With  1 

the  engineers  of  any  man- 
ial  Sr  ufacturer  using  standard 

Of  special  screws  or  head- 

ed  shanks.  The  new  cata- 
to*  ^*»toh  fully  describes 
the  manufacture  of  New 
**'  England  Screws,  will  bo 

sent  to  any  company  re- 
•*“  _  questing  it 

HEW  ENBLMID  SCREW  CO. 

keweIhewhm^ 


T>pd 

Maks 

Prlos 

WL  655/658 

WE8TINGH0U8E 

$165.00 

WL  652/657 

WESTINGHOUSE 

55.00 

WL  681/686 

WE8TINGH0U8E 

30.00 

WL  762 

WESTINGHOUSE 

10.00 

KU  627 

WESTINGHOUSE 

11.00 

GL  415 

GENERAL  ELECTRIC 

30.00 

THYRATRONS 

WL  632A 

WESTINGHOUSE 

16.00 

F6  17 

GENERAL  ELECTRIC 

0.00 

FQ  154 

GENERAL  ELECTRIC 

17.75 

F6  85 

GENERAL  ELECTRIC 

10.00 

RK  69 

RAYTHEON 

5.00 

RK  73 

RAYTHEON 

1.72 

2C33/RX233A 

RAYTHEON 

5.00 

MISCELLANEOUS 

872  R 

RCA  (Beam  Power  Tubs) 

103.00 

GL  446B 

G.E.  (Light  House  Tube) 

(0.00 

Thousand*  of  still  hard  to  got  it.ms  ere  al¬ 
ways  in  stock  at  “Faderatad^' — Our  industrial 
division  is  «t  your  disposal  with  courtsous 
and  prompt  sarvico  always. 


C~ov*  FEOE»PU»r»* 

rederated  rurchaser 

dunhutor,  of  RADIO  -  ELECTRONIC 
•t-rt  SOUND  EQUIPMENT 


SO-T  Park  Ploca.  Now  York  7 
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BUD  RADIO,  INC 


NEW  BOOKS 


Two-Way  Radio 

By  Samuel  Freedman.  Ziff-Davis  Pub. 
Co.,  Chicago  1,  III.,  506  pages,  $5.00. 

This  book  covers  briefly  the  ele¬ 
ments  of  two-way  radio  communica¬ 
tion,  including  frequency  selection, 
licensing,  equipment  necessary,  pur¬ 
chasing,  and  power  supply;  it  takes 
up  various  types  of  equipment  and 
systems — mobile  and  fixed  stations, 
antenna  systems,  amplitude  and  fre¬ 
quency-modulation  equipment,  induc¬ 
tion  radio  and  guided  carrier  sys¬ 
tems,  frequency  modulation,  and 
microwaves.  Next  come  descriptions 
of  various  types  of  applications — 
railroads,  police,  fire,  forestry,  high¬ 
way  and  public  transportation, 
marine  aeronautical  and  personalized 
uses.  Finally,  the  author  describes 
maintenance  and  repair  practices, 
licenses  and  regulations  and  typical 
systems. 

The  chapter  on  highway  and  public 
transportation  is  incomplete  in  re¬ 
spect  to  local  transit  systems.  Sub¬ 
way,  surface  and  elevated  electric 
transit  systems  are  briefly  covered, 
but  mostly  from  the  standpoint  of 
direct  communication  with  passen¬ 
ger-carrying  vehicles.  Several  in¬ 
stallations  exist,  however,  where 
two-way  communication  is  main¬ 
tained  between  system  headquarters 
and  dispatchers  in  automobiles,  with 
excellent  results,  whereas  few  if  any 
installations  on  passenger-carrying 
vehicles  are  beyond  the  experimental 
stage. — K.S.P. 


We  don't  guarantee  that  the 
NEW  BUD  METAL  WALL  TYPE 
SPEAKER  CASE  will  .stand  up 
against  a  sledge  hammer  .  .  .  but 
we  do  say  that  it  is  not  subject  to 
the  cracking,  splitting  and  warping 
that  characterize  ordinary  wooden 
speaker  cases.  _ 


A  full-wave  rectiher 
rated  up  to  4.5  volts 
A.C.,  310  volts  D.C.,  5 
milliamperes  D.C. 

’Coprox”  rectifiers 
by  Bradley  have  spe¬ 
cial  features  that  as¬ 
sure  long  life,  easy  as¬ 
sembly  and  accurate 
performance.  All  rat¬ 
ings  of  Bradley  recti¬ 
fiers  are  conservative. 
Bradley  engineers  are 
available  to  assist  you 
in  the  development, 
production  and  appli¬ 
cation  of  special  recti¬ 
fiers  for  special  jobs. 


This  new  metal  wall  type  speaker 
case  is  not  only  superior  in  appear¬ 
ance  and  construction  .  .  .  but  it 
has  reproduction  capabilities  equal 
to  the  finest  wood  housings.  Keyway 
holes  are  provided  for  wall  mount¬ 
ing  and  there  are  four  embossed  feet 
on  the  bottom  in  cose  you  require  its 
use  on  o  table  or  other  surface.  It 
is  finished  in  a  rich  brown  wrinkle. 
Your  local  distributor  will  be  glad 
to  show  this  BUD  Speaker  Cabinet 
to  you! 


One  World  or  None 

Edited  by  Dexter  Masters  and  Kath¬ 
arine  Way.  McGraw-Hill  Book  Co., 
Inc.,  New  York  18,  N.  Y.,  1946,  79 
pages,  $1.00. 

A  COLLECTION  OF  reports  by  out¬ 
standing  atomic  scientists,  giving 
their  individual  personal  opinions  on 
the  significance  of  the  atomic  bomb 
to  the  future  of  the  world,  based  in 
most  instances  on  personal  associa¬ 
tion  with  the  Manhattan  Project. 

Of  especial  interest  to  readers  of 
Electronics  is  Chapter  7,  “There 
Is  No  Defense”,  by  Louis  N.  Ride¬ 
nour,  who  served  at  Radiation  Lab¬ 
oratory,  MIT,  and  was  radar  advisor 
to  General  Spaatz  in  Europe  in  1944. 
He  states  that  IFF  (Identification  of 
Friend  and  Foe)  was  an  abject  oper¬ 
ational  failure,  giving  so  many  diffi- 


tllustrcrted^literciture, 
available  bn  request, 
shows  nKMW  models  of 
copper  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiert.andiphotoceiis. 
Write  for  -  The  .jBrodley 
Line. 


BUD 

Can  Supply  All  Your 
Needs! 


.  .  .  with  the  latest  types  of  equip¬ 
ment  including:  condensers — chokes 
—  coils  —  insulators  —  plugs  — 
Jacks  —  switches  —  dials  —  test 
leads  —  Jewel  lights  and  a  complete 
line  of  ultra-modem  cabinets  and 
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N  J  R  R  AVE  AT  OLIVER  ST 


THE  AMERICAN  PLATINUM  WORKS 

PRECIOUS  A1ETALS  SINCE  1875 


'aiarOi 


NEWARK  5  N  J 


(cetiMccJ 


Get  the  Signals 

Premax  Tubular  Antennas  ...  in  rigid 
and  adju!itnble  models  .  .  .  are  doing  an 
outstanding  job  in  many  types  of  commer¬ 
cial  installations.  Being  made  of  tubular 
steel  or  aluminum,  they  are  light  in  weight 
yet  can  withstand  severe  shocks.  Many  spe 
cial  and  standard  designs  are  available,  to¬ 
gether  with  suitable  mountings. 


specialists  m  intricate 
electrical  mechanical  assemblies 


Illustrated  above  is  an  example  of  the  type 
of  work  Gray  knows  how  to  do  —  and  do 
well.  We're  open  now  for  contracts  and  sub¬ 
contracts  in  this  highly  specialized  field. 
Write  to  Laurence  McCulloch,  address  below. 


W.  E.  DITMARS,  President 

230  Park  Ave.,  N.  Y.  17,  N.  Y.  •  16  Arbor  St.,  Hartford  6,  Conn. 


DMiloa  Chhholm^Rydar  Cot  lac, 

461 1  Highland  Ave.,  Niagara  Palls,  N.  Y. 


l^re^erred 


as^  a  source  of  pre- 

CUP  WASHERS  manufactured  to 
for  Binding  Screws  v®”'"  specifications 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayefle  Blvd.  Defroit  16,  Michigan 


bluer  than  your  hand.  Fool-proot— 
no  tubes  and  fuse  protected.  Net 
price,  F.O.B.  New  York  City 
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culties  in  the  European  Theater  that 
its  use  was  entirely  abandoned  after 
D-day  in  Normandy  except  for  a  few 
small  special  missions.  In  the  Pacific 
it  often  failed  to  serve  its  intended 
purpose  when  most  sorely  needed, 
main  troubles  occurring  under  con¬ 
ditions  of  heavy  traffic — when  there 
were  many  aircraft  in  range  of  a 
single  radar  set.  With  future  air 
traffic  even  denser,  detection  and  ac¬ 
curate  identification  of  approaching 
atomic  missiles  while  they  are  still 
several  hundred  miles  from  the  tar¬ 
get  becomes  a  real  problem.  Prob¬ 
lems  of  interception  with  guided 
missiles  are  then  taken  up  one  by 
one,  and  the  over-all  summary  of  the 
situation  presents  clearly  the  hope¬ 
lessness  of  any  defense  against  a 
surprise  atomic  bomb  attack. — J.M. 


MODEL  2405 


Milliammeter 


8PECIPICATION8 

NEW  "SQUARE  LINE”  meul 
case,  attractive  tan“hainmcred‘’ 
baked-on  enamel,  brown  trim. 

■  PLUG-IN  RECTIFIER  — 
replacement  In  case  of 
overloading  Is  as  simple  as 
changing  radio  tube. 

■  READABILITY— the  most 
readable  of  all  Volt-Ohm- 
Milliammeter  scales — 5.4  Inches 
long  at  top  arc. 


NEW  EIMGIIVEERIIVG 
NEW  DESIGIV  •  NEW  RANGES 
50  RANGES 

Voltage:  5D.G.  0-10-50-250-500-1000 
at  25000  ohms  per  volt. 

5  A.C.  0-10-50-250-500-1000 
at  1000  ohms  per  volt. 

Current:  4  A.C.  0- .5-1-5-10  amp. 

6  D.C.  0-50  microamperes— 
0-1-10-50-250  milliamperes— 
0-10  amperes. 

4  Resistance  0-4000-40,000  ohms — 4- 
40  megohms 

0  Decibel  -10  to  +15,  +29,  +43, 
+49,  +55 

Output  Condenser  in  series  with 
A.C.  volt  ranges 


Radar 

By  Orrin  E.  Dunlap,  Jr.  Harper  & 
Brothers,  New  York  16,  N.  Y.,  1946,  208 
pages,  $2.50. 

A  POPULAR  VERSION  giving  a  little  of 
everything  about  radar — ^what  it  is, 
how  it  works,  who  invented  it,  what 
it  did  in  the  war,  and  what  its  peace¬ 
time  possibilities  are.  By  avoiding 
engineering  aspects  of  his  subject 
and  covering  the  multitudinous  as¬ 
pects  of  radar  as  briefly  as  possible, 
the  author  achieves  his  goal  of  bring¬ 
ing  the  book  within  the  understand¬ 
ing  of  a  schoolboy. 


Model  2400  is  similar  bat  has  D.  C.  polls 
Ranges  at  5000  ohms  per  poll. 

Write  for  complete  description 


IMplett 


ELECTRICAL  INSTRUMENT  CO 


The  1946  American 

Television  Directory 

Published  by  American  Television  So¬ 
ciety,  Inc.,  271  Madison  Ave.,  New  York 
16,  N.  Y.,  First  Annual  Edition,  144 
pages,  $5.00. 

A  SUMMARY  OF  TELEVISION'S  statuS 
as  seen  by  some  50  authors  who  have 
recently  been  active  in  this  field, 
along  with  tables  and  compilations 
having  reference  value  for  those  con¬ 
cerned  with  the  advertising  and  pro¬ 
gramming  aspects  of  television. 


0URKE,  with  10  styles  of 
Teiminal  Blocks  each  in  a 
wide  selection  of  sixes,  offers 
complete,  efficient  method 
for  centralizing  the  connect¬ 
ing  of  wires  at  one  point  of 
control.  These  bakelite 
blocks  are  molded  under 
high  pressure  and  cured  at 
constant  temperature  for 
long  periods  to  provide  a 
sohd  homogenous  insulat¬ 
ing  medium. 


Address: 

1144 

W.12th 

St. 


Electrons  in  Action 

By  James  Stokley,  Whittlesey  House, 
McGraw-Hill  Book  Co.,  Inc.,  New  York 
18,  N.  Y.,  320  pages,  $3.00. 

Four  chapters  trace  the  behavior  of 
an  electron,  starting  with  its  antics 
on  a  piece  of  amber  rubbed  by  Thales 
along  about  600  B.C.  and  going  on 
through  modern  electron  theory,  the 
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what  Makes  A 
Mailing  Click? 
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#  Advertising  men  agree 
— fbe  list  is  more  than  half 
the  story. 

McGraw-Hill  Mailing 
Lists,  used  by  leading  manu¬ 
facturers  and  industrial  serv¬ 
ice  organizations,  direct 
your  advertisinq  and  sales 
promotional  efforts  to  key 
purchasing  power.  They 
offer  thorough  horizontal 
and  vertical  coverage  of 
major  markets,  including 
new  personnel  and  plants. 
Selections  may  be  made  to 
fit  your  own  special  require¬ 
ments. 

New  names  are  added 
to  every  McGraw-Hill  list 
daily.  List  revisions  are 
made  on  a  twenty-four  hour 
basis.  And  all  names  are 
guaranteed  accurate  within 
two  per  cent. 

In  view  of  present  day 
difficulties  in  maintaining 
your  own  mailing  lists,  this 
efficient  personalized  service 
is  particularly  Important  in 
securing  the  comprehensive 
market  coverage  you  need 
and  want.  Ask  for  more 
detailed  information  today. 
You'll  probably  be  surprised 
at  the  low  over-all  cost  and 
the  tested  effectiveness  of 
these  hand-picked  selections. 


For  advortising  and 
book  ratoi,  coil  your 


agoncy  or  wriio  .  .  • 


lMTS©]B©©is 

A  DIRECTORY  OF  AMERICAN  INDUSTRY 


29  E.  HURON  ST. 


CHICAGO  11,  ILL. 


SMALL  PARTS 

Filcmients.  anodes,  supports,  springs, 
etc.  for  electronic  tub^.  Small  wire 
and  flat  metal  formed  peats  to  your 
prints  for  your  assemblies.  LUXON 
fishing  ta^le  accessories,  double 
point^  pins,  fine  sizes  wire  straight* 
ened.  Inquiries  will  receive  prompt 
attention. 

ART  WraE  AND 
STAMPING  GO. 


227  High  St. 


Newark  2.  N.  J. 


PERMANENT  MAGNETS 


I  McGraw-Hill  Publishing  Co.,  Inc. 

1  DIRECT  MAIL  DIViSICN 
330  WE5'.  ST. 

NEW  18  N  Y. 


Alloys:  coialt  •  chaomi  •  ainico 

The  making  of  permanent  magnets  is 
an  alloy,  too ...  of  experience,  engi* 
neering,  facilities.  WeTI  be  glad  to 
tell  you  more.  Write  for  bulletin. 


CHECKS-GRADES 

RESISTORS 

100  Ohms  to  100  Megohms 
At  a  GLANCE 


AUTOMATIC 


RESISTANCE 
COMPARATOR 

H*r*  is  til*  Instrumsrt  that  raduees  pro* 
eisioM  ehcekino  of  int  shipmants  of 

resistors,  factory  ootpin  iiiatehio9  or  grod- 
ing  to  close  tolerance  liwiits,  o  simple  pro- 
dnction  rontinel 

"Standard**  resistor  is  connected  across 
terminals  at  left.  Operator  then  places 
resistances  to  be  checked  across  **un* 
known'*  terminals  in  center.  Face  of  large, 
easily>read  meter  in  center  illnminotes, 
showing  percent  of  deviation  from  standard 
within  limits  of  —25 Ye  to  +30Yo.  NO 
OTHER  pPERATION  IS  REQUIRED,  rednc- 
ing  inspMtion  time  to  abtelui*  mlalmaml 

Rugged  laboratory  construction  and  care¬ 
ful  calibration  assure  accuracy  of  batter 
than  ztlYe  throughout  entire  range  of  100 
ohms  to  100  megohms.  Line  variations, 
105-125  volts  A.C.,  automatically  compen¬ 
sated  for  by  special  newly-developed  elec¬ 
tronic  bridge  circuits.  An  instrument  that 
pays  for  itself  auickly  and  saves  yon  time 
and  labor  costs  ror  years  thereafter.  Write 
for  complete  details  and  specMcations,  to¬ 
day. 

*  e  e 

Instrument  above  is  one  of  a  number  of 
Specialised  Electronic  Test  Instruments  we 
manufacture.  We’d  be  interested  to  learn 
your  specific  test  instrument  requirements. 
Your  name  on  onr  mailing  list  will  also 
keep  you  posted  on  latest  developments. 

one 

EXPANDED  FACILITIES  and  NEW 
HIGH-SPEED  EQUIPMENT  PERMIT 
US  TO  QUOTE  ON  QUALITY  R.  F. 
COILS  FOR  A  FEW  MORE  DISCRIM¬ 
INATING  CUSTOMERS.  WHAT  ARE 
YOUR  R.F.  COIL  REQUIREMENTS? 

IIICTRO  MAGNETIC  WINDlivOS 

R.  F.  GOlU  SU»ASSiMBLIES 


INSTRUMENT 
^UlORATORtn 

INC. . 


1440  CHASE  AVE. 


CINCINNATI  23,  O. 


Edison  effect,  conventional  vacuum 
tubes  and  phototubes,  klystrons, 
magnetrons,  and  finally  the  disk-seal 
tube.  The  remainder  of  this  book  is 
a  ‘fascinating  and  technically  pleas¬ 
ing  story  of  what  electronics  is  doing 
in  industry,  in  the  laboratory,  in 
medicine,  and  in  war.  From  the  vast 
array  of  applications  in  each  branch 
of  electronics  the  author  has  wisely 
chosen  those  having  a  maximum  of 
human  interest. 

•  •  • 

Television  Simplified 

By  Milton  S.  Kiver.  D.  Van  Nostrand 
Company,  Inc.,  New  York,  375  pages, 
$4.75. 

The  author  in  his  preface  to  this 
book  states,  “It  is  the  purpose  of  this 
volume  to  aid  the  thousands  of  radio 
men  and  women  who  will  design, 
construct  and  repair  television  sets 
to  bridge  the  gap  between  the  mod¬ 
ern  ‘pure*  sound  receiver  and  the 
more  complex  television  circuits.** 
The  book  should,  however,  also  ap¬ 
peal  to  the  large  class  of  people  who, 
while  they  are  not  engaged  directly 
in  television  work,  want  to  find  out 
how  television  receivers  work.  Some 
knowledge  of  broadcast  receivers  and 
familiarity  with  circuit  diagrams  is 
necessary  for  profitable  use  of  the 
volume,  but  no  mathematical  back¬ 
ground  is  required. 

The  book  deals  essentially  with 
television  receivers.  The  first  chap¬ 
ter,  however,  contains  a  description 
of  the  basic  processes  and  elements 
of  the  transmitter,  including  camera 
tubes,  scanning,  and  the  addition  of 
blanking  and  synchronizing  pulses 
to  the  picture  signal.  The  second 
chapter  contains  material  on  the 
propagation  characteristics  of  radio 
waves  with  frequencies  near  50 
megacycles.  From  here  on,  the  vari¬ 
ous  parts  of  a  television  receiver  are 
discussed  in  detail  in  nine  chapters. 
The  last  three  chapters  are  devoted 
to  color  television,  frequency  modu¬ 
lation,  and  the  servicing  of  television 
receivers.  The  last  chapter  serves 
partly  to  coordinate  and  apply  the 
information  presented  earlier  in  the 
book.  The  servicing  problem  is  ana¬ 
lyzed  by  breaking  the  receiver  into 
four  divisions:  horizontal  deflection 
circuits,  vertical  deflection  circuits, 
video  circuits,  and  the  power  supply. 

The  material  presented  appears  to 
be  up-to-date.  A  large  number  of 
diagrams  accompanies  each  chapter, 
and  a  somewhat  incomplete  “Glos- 
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ALLOY  “C 


Nickel-Chromi¬ 
um  alloy,  ro- 
siitt  oxidation  at  elevated 
temperature*;  up  to2100° 
F.  'Also  used  for  fixed 
non  •  magnetic  resistors. 
Resists  chemical  corrosion 
by  many  media.  Specific 
resistance  650  Ohms/- 
C.M.F. 

Nominally 

60%  Nickel, 
15%  Chromium,  balance 
iron.  High  resistance  to 
oxidation  and  corrosion. 
Widely  used  for  resistors 
for  radio,  electronics,  in¬ 
dustrial  equipment  and 
domestic  appliances.  Op¬ 
erating  temperatures  up 
to  1700°  F.  Specific  re¬ 
sistance  675  Ohms/C.  M.  F. 

AllOY“45” 

55%  Copper, 
45%  Nickel, 
with  constant  resistance 
ever  wide  range  of  tem¬ 
peratures.  Specific  resist¬ 
ance  294  Ohms/C.M.F.; 
temperature  coefficient 
0.00007  Ohms  per  deg. 
F.;  32-212  deg.  Used  in 
winding  of  precision  re¬ 
sistors,  rheostats,  and 
electrical  measuring  de- 
A.  vice*. 

KANTHAL 

Exclusive  man- 
'v  ufacturers  ond 
distributors  of  KANTHAL 
wire.  An  alloy  containing 
Iron,  Chromium,  Alumi¬ 
num  and  Cobalt ...  for 
operating  temperatures 
between  2100°  and  2462° 
F.  Three  grades,  A-1,  AS, 
DS;  resistivity  872,  837, 
812  Ohms/C.M.F.,  re¬ 
spectively,  at  68°  F. 


and  Fine  Wire  Screen 


IN  Tungsten,  Molybdenum ^ 
and  OTHER  METALS  AND  SPECIAL  AL¬ 
LOYS;  ALL  MESHES  IN  STANDARD 
WIDTHS,  OR  WIRE-MESH  PARTS  FABRI¬ 
CATED  TO  ORDER. _ 

THE  C.  O.  JELLIFF 

MFG.  CORP, 

123  PEQUOT  ROAD, 

SOUTHPORT,  CONNECTICUT 
WIRE  CLOTH 
DIPPING  BASKETS 
LCKTROMESH 
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Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 


Radio,  Audio,  Industrial  Electronic  Applications 


ASSOCIATED  ELECTRONICS 

PrikilPAMY  INDUSTRIAL  BNOINBBR- 
I  jf/fj  SPBCIALISTS 

Englneerlog  Research  St  I>eTek>pment 
Product  Design  Market  Research 

Sales  Brochures  Technical  Manuals 

Field  Surreys  Laboratory  Analysis 

Complete  Bngineering  Service  For  All  Induetriee 
132  Nassau  Street,  New  York  7.  N.  Y. 


ELM  LABORATORIES 

Reteareh  and  Detign 

RADIO  TRANSMITTERS  AND  RECEIVERS 
Designs  for  Home  Radios.  Electro-Mechanical 
Devices  and  Components. 

20  South  Broadway  Dobbs  Ferry,  New  York 

Phone — Dobbs  Ferry  4058 


NATI9NAL  DESIGN  SERVICE 

Designers  and  Developers  of 

FACTORY  TEST  EQUIPMENT 
TELEVISION  R.F.  SWEEP  GENERATORS 
F.M.  SIGNAL  GENERATORS 
COMPLETE  CENTRALIZED  MODULATED 
SYSTEMS 

96  Liberty  St.  New  York  6.  N.  Y. 


•  MICHAEL  BOZOIAN 

Consulting  Service  In  Electronics 
Instrumentation  A  Controls  Design — Develop¬ 
ment  —  Models  Literature  A  Patent  Survey 
Recommendations  For  New  Laboratories. 
Telephone  8S2I 

702  Fifth  Street  Ann  Arbor,  Mich, 


F.  T.  FISHER'S  SONS 

lIMrTED 

Consulting  Engineers 
Broadcast  Transmitters,  Antenna  Systems, 
Studio  Equipment,  Mobile  and  Filed  Com¬ 
munication  Systems. 

1425  Dorchester  St.  West,  Montreal 


ALBERT  PREISMAN 

Consulting  Engineer 

Television.  Pulse  Technluues,  Video 
Ampliflers,  Phasing  Networks. 

Industrial  Applications 
Affiliated  with 

MANAGEMENT-TRAINING  ASSOCIATES 
3308- 14th  St..  N.  W.  Washington  10,  D.  C. 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 
Specialising  in  Measurements  A  Testing 
Instruments  A  Techniques  •  Electrical  -  Be 
tronic  •  Magnetic. 


188  West  4th  St. 


New  York  14.  N.  Y. 


E.  STUART  DAVIS 

Consulting  Engineer 
Reeewrch — UeelKn — Development 
Radio  •  Carrier  Current  •  Supemonlcs  -  Radiant 
Energy  -  Control  and  Measurement  •  Methods  and 
Devices,  Communication  -  Transportation  St  In¬ 
dustrial  applications. 

Marine  Laboratory  faeilities  aboard 
tho  yaeht  “ELECTRON" 

4?2  N.  E.  River  Drive  Ft.  Lauderdale.  Florida 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 
Deoln — Development— Modele 
Complete  Laboratory  and  Shop  Facilities 
eS09-lS— 27th  Ave. 

Kenosha,  Wis.  Telephone  2-42  IS 


ELECTRIC  RESEARCH 
ASSOCIATE 

ERA  will  apply  progressivot,  war-proven  de¬ 
velopment  in  electronic  research  .  .  .  count¬ 
ing  . . .  timing  . .  .  measuring  .  .  .  industrial  con¬ 
trols  ...  to  your  manufacturing  advantage. 
Box  333,  305  Linden  Ave.,  South  San  Francisco,  Cal. 


PAUL  E.  GERST  &  CO. 

CONSULTING  ENGINEERS 
Specialists  in 

Electrical  Product  Design 
El.  Machinery,  Apparatus  St  Applications 
El.  AppUances,  Ul-Freauency  Apparatus 
Electronics,  Radio  Communication 
205  W.  Wacker  Dr.  Chicago  6,  Ill. 


C.  M.  HATHAWAY 

Consulting  Engineer 
Product  Development 
Project  Engineering  Production  Designs 
Planning  Tool  and  Method  Engineering 
ELECTRICAL  MECHANICAL  ELECTRONIC 
1315  S.  Clarkson  Street  •  Denver  10,  Colorado 


HODGSON  &  ASSOCIATES 

Physics,  Mathematics,  Research,  Develop¬ 
ment  A  Patent  Consultants. 
Satisfaction  guaranteed.  Submit  your  problem 
for  a  preUmlnary  survey  without  cosL 

Sherman  Oaks.  California 


J.  L.  A.  MCLAUGHLIN 

Designer  of 

Communications  Receivers 

Specialising  In  the  elimination  of  heterodyne 
Interference. 

P.  O.  Box  529.  La  Jolla.  Calif. 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Prolileins 
Instnunents  and  Control  Devices  Electronics 

Specialists  In  Colorimetry,  Spectrophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
202  Darby  Road  Llanerch,  Pa. 

Phone  nililup  8910 


G.  W.  RHEIN 

Engineering  Consultant 

Radio  Communication  Electroiilrs 

Complete  Development  and  design  for 
manufacture  with  engineering  models. 


St.  ParU  Pike 


Springfield.  Ohio 


PAULD.  zonu 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 
High  Fre<iuency  Dielectric  and  Induction  Hestliig 
Applications,  Equipment  Selection.  Equipment  and 
Component  Design,  Development,  Models. 

314  Washington  St.  Newton,  Matt. 

BIG- 9240 


RAYMOND  M.  WILMOUE  INC. 

A  Complete  Engineering  Service 
for  the 

Application  of  Electronics  to  Industry 


Prompt  ANSWERS  to  business  problems . . . 

The  Searchlight  Section  brings  business  needs  and  "opportunities’' 
to  the  attention  of  men  associated  in  executive,  management,  sales 
and  responsible  technical  engineering  and  operating  capacities  with 
the  industries  served  by  these  McGraw-Hill  publications.  USE  IT. 

Classified  Advertising  Division 

McGRAW-HILL  PUBLISHING  CO. 


330  W.  42  St. 


New  York  18,  N.  Y. 


Air  Traasport 
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Bas  Transportation 
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Coai  Age 
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Elec.  Contracting 
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Consultation  Design  Construction 

236  W.  55  St.  ‘  1469  Church  St.  N.W. 

New  York  19.  N.  Y.  Washington  5.  D.  C. 


Electrical  World 
Electronics 
Enginoering  &  Mining 
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Record 
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sary  of  Television  Terms’*  is  included 
at  the  end  of  the  book.  The  presenta¬ 
tion  is  pleasant  and  manages  to  in¬ 
clude  a  great  deal  of  useful  informa¬ 
tion  in  spite  of  the  limited  prerequi¬ 
sites  imposed  upon  the  reader. — 
RALPH  J.  SCHWARZ 


WE  SPECIALIZE  in 
meeting  the  most 
exacting  needs  of  iead- 
ing  manufacturers.  Spe- 
daily  designed  for  the 
job,  Westfield  nuts  are 
more  dependable  than 
standard,  types,  and  fre> 
quently  are  more  eco¬ 
nomical.  Write  or  wire. 
Our  engineers  will  be 
glad  to  consult  with  you 
on  suitable  types  for 
every  application. 


Television  Show  Business 

By  Judy  DuPuy.  General  Electric  Co., 
Schenectady,  N.  Y.,  246  pages,  $2.50. 

People  concerned  with  the  pro¬ 
gramming  aspects  of  television  have 
long  awaited  a  report  on  the  experi¬ 
ence  to  date  in  this  held.  This  hand¬ 
book  partially  supplies  the  need.  Part 
I  reviews  experiments  conducted  at 
WRGB  between  1928  and  1946.  Indi¬ 
vidual  programs  are  described. 

Part  II  describes  the  mechanics  of 
program  production — ^the  television 
system,  studio,  cameras,  lights,  make¬ 
up,  acting,  etc.  Of  special  value  are 
the  sample  script,  the  section  on 
audience  surveys,  and  General  Elec¬ 
tric’s  lighting  for  television. 

The  book  is  generously  and  su¬ 
perbly  illustrated  but  completely 
lacks  any  consideration  of  a  funda¬ 
mental  theory  of  television  program¬ 
ming.  It  is  unfortunate,  and  mis¬ 
leading  to  the  newcomer,  that  so 
monumental  a  report  gives  the  im¬ 
pression  of  a  “program  recipe  book”. 
Careful  outline  discloses  the  refrains, 
“Rehearse!”  “Plan  camera  shots!”, 
which  seems  to  imply  that  the  art  of 
television  programming  is  still  creep¬ 
ing  for  lack  of  a  flexible  system. — 
v.  M.  BRADLEY 


EISLER  EQUIPMENT 


. . .  complete  and  diversified  for  every  phase 

of  electronic  manufacture! 

TRANSFORMERS 


in  all  typas — furnaea,  diitribution,  powar,  phasa 
changing,  air.  oil,  induction,  watar  coolad,  plata,  filamant  and  auto-transformari. 
Filtar  chokas  and  intar-phasa  raactors. 


\r/ofrm  coMMt/mcAT/OAri 


Hackh’g  Chemical  Dictionary 

ICdited  by  Julius  Grant.  The  Blakis- 
ton  Co.,  Philadelphia  5,  Pa.,  third  edi¬ 
tion,  1946,  925  pages,  $8.50. 

Over  67,000  definitions,  covering 
the  vocabulary  of  chemistry  and  the 
collateral  terms  of  physics  and  other 
fields  that  have  in  recent  years  be¬ 
come  so  closely  related  to  the  ever- 
broadening  field  of  general  chem¬ 
istry,  are  given.  Numerous  tables 
and  diagrams  add  to  the  value  of  this 
famous  standard  reference  work, 
brought  up  to  date  in  this  third  edi¬ 
tion  by  addition  of  the  latest  avail¬ 
able  data  on  atomic  disintegration. 
On  practically  every  page  will  be 
found  one  or  more  definitions  or 
biographies  definitely  pertinent  to 
electronic  medicine,  nuclear  physics, 
electronic  applications  to  industrial 
chemistry,  and  to  electronics  in  gen¬ 
eral. — J.M. 


*  EISLER  machinat  ara  in 
use  and  in  production  by 
99%  of  all  American  radio 
tube  and  incandescent  lamp 
manufacturers  and  through¬ 
out  the  world. 


.24  Htad  Radle  Tab*  EISLER  Sfotwsldan 

Exhaottlni  Methln*.  fr*m  Va  to  250  KVA. 

- CHAS.  EISLER 

EISLER  ENGINEERING  CO. 

751  SO.  13th  ST.  (Near  Avon  Ave.)  NEWARK  3,  NEW  JERSEY 
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Electron  Tube  Machinery 

•f  Mwy  tvHi  —  ttuUaN,  uU  tOMlal  iMitii 

8p«eiali«ts  In  Equipmaat  for  tho  mcmuiac- 
turo  of  Radio  Taboo.  Cathodo  Roy  Taboo, 
Flaorooeoat  Lamps,  Incaadoscoat  Lomps, 
Noon  Taboo,  Photo  CoUo,  Z^ror  Taboo 
oad  othor  glass  or  oloetronle  prodoets.  on 
prodoetlon  or  loberatorr  basis. 


1307*n0f  Sovoirtli  St..  Norlh  Isrt— .  N 


Strip  iMolated  Wires 

eUlCKBR  . . .  BBTTBII 


e  WIRI  ftTR 


AirrOMATIC  WIRI  ITRIPPIR 
Rradnctlan 

Strips  Insulotlon  from  oil  typos  of 
wiro  —  instantly,  oasily,  porfoctly. 

Just  press  tho  nandlos  and  tho  iob 
is  dona.  Cuts  wiro  too.  Strips  100 
to  1000  wiros  por  hour.  Avallablo 
for  all  sito  solid  or  strandod  wiros 
—No.  I  to  No.  30.  List  Prico  $4.00. 
Writs  Dopf.  I  for  Fwtt  Porffcofors 


GENERAL  CEMENT  mfc  co 

Rockford,  Illinois,  U.S.A. 


We  manufacture  a  complete  line  of  equipment 


SPOT  WELDKBa,  elaotrlo  from  H  to  60  KTA 
TBAWBPORMKBa.  spedsl  and  standard  tyiMo 
INCSMDKSCKNT  LAMP  manufacturlns  equipment 
FLUORESCENT  TUBE  MAKING  EQUIPMENT 
ELECTRONIC  EQUIPMENT,  racuum  pumps,  eto. 


AC  ARC 
WELDERS 
from  100  to 
400  Amps 


WET  GLASS  SLICING  and  euttlnc  machines  for  laboratory  use 
GENERAL  QT.AIIH  worklnf  machines  and  burners 
COUJDGB  GLASS  vorklng  units  for  students  and  laboratory 
EI8LER  ENGINEERING  CO. 

731  So.  I3tli  St.  (asor  Avon  Avs.) 


HETERODYNE 

ELIMINATORS 

It  yea  are  traaMed  hy 
betaredyae  laterferaaea 
eaaaatt 

J.  L  A  McLoughllR 

F.  O.  lox  B2f.  La  Jolla.  CaM. 

MICROMETER 

FREQUENCY  i™.2SSS: 

ajoTBM  froai  1.6  to  66  aie., 

*•**'“*  withia  0.01  aar  eeat 

LAMPKIN  LABORATORIES 

Bradaotoa,  Fla.,  U.  S.  A 

This 

CONTACTS 

Section 

supplements  other  advertising 
in  this  issue  with  these  addi¬ 
tional  announcements  of  prod¬ 
ucts  essential  to  efficient  and 
economical  operation  and  main¬ 
tenance.  Make  a  habit  of  check¬ 
ing  this  page,  each  issue. 

Classified  Advertising  Division 

ELECTRONICS 


REX  RHEOST&T  COMPANY.  BALDWIN.  L.  L  N.  Y. 


PROTECTED  A  UNPROTECTED 

RHEOSTATS 

WITH  LUtRICATID  CONTACTS 

ROTARY  DRIVE  RHEOSTATS 

WITHOUT  SACK  LASH 
PROTECTED  4  UNPROTECTED 

ADJUSTABLE  RESISTORS 

UP  TO  1000  WATT 
PROMPT  IHIPMENTt 


PILMCRAPH 


CONFERENCE,  TELEPHONE.  DICTATION 
PerManeat  reeorders  4  Instantaneoa*  play.baok 
aiaehiaaa  for  all  Indaitrlal  aaraoMe.  Safotv  Alai 
eost  Se  a«M  hoar. 

MILES  REPRODUCER  CO..  INC. 

•12  I'woy,  Dept.  1.  New  Yerfc,  3,  N.  Y. 


MORE  RF  KILOWATT  HOURS 
PER  DOLLAR  WITH 

F  &  O 

TRANSMITTING  TUBES 

Inqalrlot  lavltad — Let  ua  explain  bow 
Savings  are  effected  and  the  F  4  O 
greater  guarantee. 

FREELAND  &  OLSCHNER  PRODUCTS  Inc. 

ATI  Sorenae  Sf..  New  Orfeoag  IS,  La. 
Raymoad  47S4 

High  Power  Tube  Specialists  Exclusively 
(5  KW  to  100  KW) 


18  YEARS  IN  RADIO 


GET  THIS 
CATALOG 
By  This  Old  Firm 

Latest  developments  In 
radio  and  electronic 
parts  and  devices,  new¬ 
est  ham  gear,  gadgets 
for  experimenters,  bar¬ 
gains  in  war  surplus 
items. 

FREE 

TO  YOU 

Mail  the  coupon  be¬ 
low  and  get  this 
new  catalog  FREE. 


BURSTEIN-APPLEBEE  CO., 

1012  AAcGee,  Kansas  City  6,  AAo. 

Send  me  FREE  catalog  advertised  in 
Electronics. 
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LOOK!  fL 


/  Latest  Bargain  Flyer  in- 
^  /  eludes  test  instruments, 

•  •  record  changers,  commu¬ 

nication  receivers,  ham  transmitting  tubes 
and  many  other  electronic  items  you  need 
today.  Big  new  catalog  coming!  Get  your 
name  on  our  list! 


Backtalk 

This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


Germanium  Rectifier 

Dear  Editor: 

I  READ  with  considerable  interest  the 
article  by  E.  C.  Cornelius  on  “Ger¬ 
manium  Crystal  Diodes”  on  page  118 
of  February  Electronics. 

Mr.  Cornelius  emphasizes  that: 
“It  was  found,  however,  that  a  few 
metals  with  slight  impurities,  ex¬ 
hibited  highly  polarized  nonlinear 
characteristics.  The  metals  silicon 
and  germanium  possess  these  prop¬ 
erties  to  a  very  marked  degree.” 

In  this  statement  no  mention  is 
made  as  to  who  originated  the  use  of 
germanium  as  a  crystal  detector. 
May  I  bring  to  your  attention  that 
I  mentioned  this  possibility  in  an 
article  on  the  germanium  aluminum 
equilibrium  diagram,  published  in 
1926  on  page  682  of  “Metall  und 
Erz.”  A  germanium  crystal  was  used 
successfully  to  detect  radio  waves 
and  this  fact  was  duly  reported. 

W.  J.  Kroll 

Albany,  Oregon 

•  •  • 


TJglevtfion  tne» 

Cutout  coupon,  potto  on  ponny  post  cord,  moil  today. 


Hadip  Wit0 


NEW  YORK  13  BOSTON  10  NEWARK  2 


Originators  and  P  P  //  / 

cJ-Ofoi/^ttc  mdio 


1?.  Mf.  7.  Dtpt.  EF6 

100  AVENUE  OF  THE  AMERIUS,  NEW  YORK  13 

CeniUmen:  Send  me  FREE  copy  of  your  LaUtt  Bargain 
Flyer  andput  my  nameonlist  for  your  Big  New  Catalog 


NAMK. 


ADORCSS. 

CITY 


.ZONK. 


Tube  Numbering  System 

Dear  Mr.  Henney : 

Is  THE  PRESENT  system  of  type  num¬ 
bers  for  vacuum  tubes  up  to  date? 

A  35W4  is  similar  to  a  35Z5-GT/6, 
but  is  labelled  much  differently.  I 
suggest  a  change  in  the  present  type 
numbers,  a  system  to  indicate  style, 
filament  potential,  circuit,  and  issue. 

First,  a  letter  to  distinguish  be¬ 
tween  metal,  miniature,  lighthouse, 
etc,  each  style  of  construction  bear¬ 
ing  a  different  letter. 

Second,  a  number  designating  fila¬ 
ment  potential,  rounded  off  to  the 
nearest  volt. 

Third,  a  letter  indicating  the  cir¬ 
cuit,  with  a  different  letter  for  diode, 
triode,  beam  tetrode,  etc. 

Fourth,  a  number  which  we  might 
call  the  issue  number  to  differentiate 


|[  SEARCHLIGHT  SECTION 

I  Harrison  has  iti  | 

I  In  addition  to  our  complete  stock  \ 
I  of  all  standard  lines  we  have  these 
I  outstanding 

I  HARRISON  SELECT  SURPLUS  VALUES  I 

LONG  WAVE  RECEIVERS 


I  Navy  Model  RAK  7 

I  15  to  600  Kilocycles.  6  Tube  Re- 
I  ceiver  with  A  VC,  Noise  Limiter —  | 
I  Band  Pass  Filter — Tuneable  Audio 
I  Filter — Band  Witching — Precision 
I  Dial — 3  .  tube  .  Voltage  .  regulated 
I  Power  Supply  for  115  v — 60  cycle 
I  A.C.  Optional  Battery  Operation. 

I  Excellent  for  Marine  and  Aviation 
I  wo»*k.  I 

I  Brand  New  in  original  crate,  i 
I  complete  with  Power  Supply,  Steel  j 
I  Chest  full  of  spare  tubes  and  part)i, 

I  full  instructions.  $79.50. 
i  (Discount  on  quantities) 

I  HSS  TUBES  I 

I  All  new,  fully  guaranteed.  HK24C 
I  (3C24/VT204)  an  FB  Tube  for  I 
I  VHF.  90  watts  Class  C  output. 

I  Gov't  inspected.  Regular  Amateur 
I  Net  Price  was  $9.00,  reduced  to 
I  $6.00;  but  Harrison  sells  them  for  | 
I  only  SI. 69  ea.  3  for  $4.45.  | 

15  TUBE  VHF  Receiver — See  our 
I  May  Q.S.T.  ad  Pg.  153  for  details. 

I  Model  BC406-A  $29.75  j 

I  Sisce  192S— OitfrlbMtors  of  ell  top  breeds  i 


PRISON 


12  WEST  BROADWAY  •  NEW  YORK  CITY  7 

_B  A  RCl  AT  2  9854 

lAMAICA  HIANCM  -  172  31  Hill.idr  A..  —  Rl.u.iiC  9A102 


mHMMMIMMMMMtMMPtlHmUtMtlHMItMItHltlMNMISMIlHH 

WANTED 


I  Television  Engineer  | 

i  Experienced  television  receiver  | 
I  senior  engineer.  | 

I  i 

Radio  Engineer 

I  Experienced  home  set  senior  | 
I  engineer. 

I  Both  positions  offer  excellent 
opportunity  and  pay.  Permanent. 


I  UNITED  STATES  TELEVISION  j 
I  MFG.  CORP. 

I  3  W.  61st  St.  New  York  23.  N.  Y.  I 
*  : 

^  j 

I  Manufacturer's  Representative  | 


I  SALES  ENGINEER 

I  Representing  Minnesota,  North  Dakota,  South  | 
I  Dakota  and  parts  of  Wisconsin,  Iowa  and  No-  : 
i  braska.  ^  i 

I  Desires  additional  lines  of  radio  parts,  tubes  and  | 
I  equipment,  of  high  quality.  | 

I  Also  desire  lines  of  equipment  requiring  engineering  : 
I  ability  and  experience  for  sales.  Installation,  super* 

I  vision  of  installation,  maintenance  and  repair.  : 
I  Have  all  necessary  licenses  required  for  installation 
I  and  test  work  (Master  Electrician.  Registered  Pro- 
{  fessional  Engineer.  Radio  Operator).  Willing  to 
S  maintain  service  agency.  Will  spend  a  period  of 
I  time  at  manufacturer’s  plant  to  become  acquainted 
I  with  manufacture,  design  and  test  procedures  of 
{  specialized  communication  equipment, 
s  : 


RA-170.  Electronica 

520  North  Michigan  Ave.,  Chicago  )  1.  Ill- 
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partners  in  creating 


V  'The  impossible  takes  a  little  longer”... this  is  one  way  of  saying  that  the 
draftsman  lets  no  out-worn  conceptions  restrict  his  creative  ideas.  Yet  without 
his  specialized  technique  for  expressing  ideas  on  paper,  the  designs  he  creates 
could  scarcely  be  turned  into  substance.  As  the  draftsman  relies  on  his  own  hands 
and  eyes,  he  calls  likewise  on  his  drafting  instruments  to  serve  him  functionally. 
So  integral  a  part  of  his  technique  do  they  become,  they  are  virtually  his  partners 
in  creating. 

For  78  years  Keuffel  &  Esser  drafting  equipment  and  materials  have  been 
partners,  in  this  sense,  in  creating  the  greatneb  of  America,  in  making  possible 
our  fleets  of  ships,  our  skyscrapers,  our  overwhelming  weight  of  armor  on  the 
battlefield ...  So  universally  is  K  &  E  equipment  used,  it  is  self-evident  that  every 
engineering  project  of  any  magnitude  has  been  completed  with  the  help  of 
K  &  E.  Could  you  wish  any  surer  guidance  than  this  in  the  selection  of  your  own 
"drafting  partners”? 

Because  of  their  balance,  smooth  action  and  responsiveness  to  your  hand, 
.you  will  find  that  using  MINUSA*  Drawing  Instruments  is  almost  as  natural  as 

breathing.  .Their  legs  are  round  and  ta¬ 
pered,  without  the  harsh  feel  of  sharp  cor¬ 
ners.  Joints  are  firm,  snugly  fitted,  and 
satin-smooth  in  operation.  Yet  these  instru¬ 
ments  are  strong  and  durable,  for  their 
precision  will  outlast  years  of  continuous  use.  For  complete  data  on  MINUSA* 
Drawing  Instruments,  write  on  your  letterhead  to  Keuffel  &  Esser  Co.,  Hoboken,  N.  J. 


icld  ttrtngHi, 


Improvtf 


fwcvivm.  H«  d«*i 
MMsimiiMnH  of] 


1934  Om  of  Hm  firol  dhocHoool 


1938  CooxM  ooloiiOo  for  vliro  Mgli 


1941  Volyrod  radar  oafoniia 


•otoniMi  array*  for  hioodcoiHaf.  0o> 


ir*naoacy  cooioiaalcaHow*,  dorijoid 


ioiportaat  war  contrlbuHoa...lialpod 


by  loM  loborotorU*,  gov*  locrooBod 


•lok  OMoy  Jap  ship*.  H*  oxcopNoaally 


signal  strongth.  WkMy  osod  in  polico 


narrow  baam  and  rapid  scanning 


gov*  high  accuracy  to  big  Navy  guns. 


1946  N«w  54A  CLOVER-LEAF  FM  broodcatt 


.  ..1 


antenna  has  high  officibnqf  and  a  circular 
azimuth  pattern;  it  simple  to  install  and  main¬ 
tain.  May  bo  used  for  any  |fbwor  lovol  up  to 
ond  including  50  KW. 
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leaders  in  radio.  Bell  Telephone  Labwatcmes 
B^ectric  have  been  vitally  concerned  with  the 
^^M^oved  antennas  for  more  than  30  years, 
^^^^^^ays  of  radio's  youth,  right  tlnough  to 
this  team  has  been  responsible  for 

Research 

H^^Method  of  attack,  BeU  Lab- 
investigating  and 
space.  Their  research 
d^^g^^UlHtu^dreds  of  meters  to 
■century  of  intensive 
^  behave,  day  and 


today  jUtrBI 

much  ci  il)^  p  ) 


FoUowing  their 
oratories  scientists  are 
measuring  the  action  of  r1idl^||| 
has  covered  wave  lengths  rar^gl^ 
a  fraction  of  a  centimeter.  In  OT^I 
■vtiiil^i  learned  how^ri 

night,  underlalTs^^frs-ef  wcalljer  c 
Out  of  thisfund amenta! 
developments  as  the  rhombic  ante 
half-wave  racUatm^.cupt«nr~T[irrC 
polyrod  and  qther  improved  radar  antenna^ 
id  the  new  CXOVER-LEIAF 


'‘"Rhombic  (dipmend- shaped) 
»a  for  14-60  4t  fJTf-s 

fruirillliy^Tanpo  withoHl  od- 
ini.  Still  ttondord  for  HiU  bood. 


.such  outstanding 
kntenna,  vertical 
Anal  array,  the 
w  metal  lens  fca* 
Mtenna  for  FM 


[uffm< 


microwaves  ^ 
broadcasting. 


Sre  interested  in  AM  or  FM 
>int-to-point,  aviation,  mobik 
to  jemember.  Every  item^f 
1  L^oratoiJ^  uud-m«rtfe  by 
t  such  tboroug)v<s^^tific  res< 
as.  I|.V.df‘fi?giied  right  and  m 


1944  Motdl  loMOo,  dooHior  Sol  La^ 

•ralorioo  dovolopnot,  focm  akr*- 
wvoo  Hbo  Habt.  Odo  typo  bai  ■  boda 
wMtb  of  only  0.1^— or  loM  tboo  Hiat 
of  o  big  MorcbOgbl. 


BELL  TELEPHONE  LABORATORIES 

ll  orld  s  Inrui'sl  onsdniznlinn  thd  ttit'il  ('\<  lii>nri\  Id  rrst'nnh 
and  (h’lclainiii'iil  in  all  fthases  of  virt  Iriral  rami  lanii  atiaii'^. 

Western  Electric 

Mannfarlnrin^  unit  of  ihr  lirll  >\strni  and  tlir  nataai  ' 
ftrodiarr  af  i  ianmand  alian^  ninijmirnl. 
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X  obe  Filterettes  have,  for  more  than  twenty 
years,  provided  the  criterion  for  judging  radio 
noise  suppression  devices.  In  fact,  specifications 
for  radio  interference  eliminating  systems  were 
customarily  written  “shall  consist  of  Tobe  Filterette 
131,  or  equivalent."  This  was  common  practise  until 
military  requirements  revealed  an  imperative  need 
for  radio  noise  suppression  systems  of  greater  ef¬ 
ficiency,  broader  frequency  coverage,  and  lower 
cost  than  had  heretofore  been  available.  Tobe 
Filterette  1107  was  the  answer  to  this  demand. 

This  “mysterious  black  box"  —  demonstrated  to 
Signal  Corps  engineers  in  early  1940  —  set  a  new 
standard  for  efficiency  and  provided  the  founda¬ 
tion  for  the  entire  vehicular  noise  suppression  pro¬ 
gram  of  the  United  States  Army.  In  a  single  step, 
it  made  obsolete  the  bulky,  costly,  and  relatively 
inefficient  methods  then  in  use  and  made  practic¬ 
able  the  elimination  of  radio  interference  in  all 
military  vehicles. 

Judged  by  former  standards,  the  performance  of 
Filterette  1107  was  impossible.  Its  voltage  drop 
was  so  slight  as  to  be  negligible;  it  carried  sus¬ 
tained  overloads  without  excessive  heating;  it  suc¬ 
cessfully  withstood  direct  short-circuiting  across  a 
heavy-duty  storage  battery;  and  it  provided 
broadband  attenuation  beyond  the  ability  of  exist¬ 
ing  instruments  to  determine  the  amount  of  inter¬ 
ference  remaining  after  the  Filterette  was  installed. 
The  consensus  was,  “There  must  be  a  trick  to  it." 

There  was,  indeed,  a  trick  —  the  trick  of  fully' 
utilizing  all  properties  of  every  component  so  that 
utmost  efficiency  might  be  obtained  —  and  the 
trick  of  insisting  that  the  Filterette  be  correctly  in¬ 
stalled-  so  that  its  inherent  high  efficiency  might 
be  "realized.  When  the  “trick"  was  revealed  as 
merely  good  engineering  carried  to  logical  ex¬ 
tremes,  the  performance  characteristics  of  Filter¬ 
ette  1107  became  the  basis  of  the  Signal  Corps 
specifications  governing  vehicular  noise  suppres¬ 
sion. 

The  principles  first  demonstrated  in  Tobe  Filterette 
1107  are  now  embodied  in  commercial  and  ma¬ 
rine  type  Filterettes  for  every  requirement.  These 
units  make  available,  at  low  cost,  the  efficiency, 
convenience,  and  dependability  proved  under 
stress  of  war  and  guaranteed  in  time  of  peace. 

TOBE  DEUTSCHMANN  CORPORATION 

CANTON,  MASSACHUSETTS 
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WHISTLER 


PERFORATING  DIES 


MULTI-USE 

ADJUSTABLE 


WHISTLER 


A  typical  set-up  for  notching  and  piercing. 


Pierced  and  notched  with  Whistler  multi-use 
adjustable  dies. 


MULTI-USE 
Adjustable  Dies 


You  save  press  time  and  speed  production  by  combin¬ 
ing  corner  notching  dies  and  group  dies  in  the  same 
set-up  with  adjustable  piercing  dies.  Press  operations 
are  reduced  to  a  minimum.  Engineering  changes 
effecting  relocation  or  sizes  of  holes  can  be  made  with¬ 
out  delay  right  on  the  press. 

a  Whistler  multi-use  adjustable 

dies  are  available  from  stock . . . 
a  day  or  two  from  your  plant 
...in  all  standard  sizes  from  Viz" 
to  3'  diameters... round,  square, 
ovals  and  rectangles.  Notching 
and  group  dies  to  order.  In  addi¬ 
tion  to  mighty  attractive  sav¬ 
ings  in  original  die  costs  there 


is  this  important  advantage  of  eliminating  weeks  of 
production  delay. 

Re-arrange  Whistler  multi-use  adjustable  dies  in  as 
many  different  set-ups  as  your  production  calls  for . . . 
you  actually  make  up  die  sets  from  units  in  stock  and 
reduce  costs  per  job  to  an  unbelievably  low  figure.  All 
parts  of  like  size  are  interchangeable. 

Get  all  the  facts  on  how  Whistler  adjustable  dies  can 
speed  your  production . . .  cut  your  costs.  Write  today 
for  the  Whistler  Catalogs. 

S.  B.  WHISTLER  &  SONS,  Inc. 

752-756  MILITARY  ROAD  BUFFALO  17,  N.  Y. 
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Dumont  condenser  ends 
ore  sealed  with  bakelite 
resinoid  to  withstand  350° 
F.  continuous  op>eration. 


Vi"  OD  X  %"  LONG 
AT  600  VOLTS 

Compact  .  .  .  soItos  space  prob¬ 
lems 


VUMONT 

type  P2. 


Sealed 

3AKEUTE 


^(JMONT 

i^esinoid 


NO  fflGH  TEMPERATURE 
OR  fflGH  PRESSURE 

Used  in  the  manuiacture  of  these 
condensers  .  .  .  thus  assuring 
long  life  and  High  Surge  Rat¬ 
ing  to  these  units 


UP  TO  100%  HUMIDITY 

Sealed  under  racuum.  No  air 
Toids  to  cause  entry  oi  mois¬ 
ture 
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ELI 


Separate  applicator  unit  simplifies  application  to  soldering, 
brazing,  welding,  hardening,  and  heat-treating  jobs 


•  With  this  versatile,  easily  applied 
equipment  you  can  quickly  realize  the 
economies  of  time*  and  money*saving 
electronic  heat.  It  is  medium  powered 
(15  kw,  400  kc)  for  medium-sized 
induction  heating  jobs. 

Preliminary  adjustments  are  preset 
at  the  generator.  The  proper  time  cycle 
and  final  power  adjustment  are  selected 
at  the  applicator.  Output  control  is 
stepless;  timing  is  accurate  to  within 
1/30  of  a  second — thus  assuring  un¬ 
varying  heat  cycles,  uniform  work. 


The  applicator  can  be  set  for  automatic 
or  manual  operation.  When  on  "automatic” 
a  foot  switch  is  used  to  start  the  heat  cycle; 
shutoff  is  automatic.  Thus  the  operator 
has  free  use  of  both  hands]  during  this 
period. 

New  settings  can  be  rapidly  made  at  the 
applicator  as  work  pieces  change.  "ON- 
OFF”  push  buttons  provide  control  for 
manual  operation. 

This  equipment  combines  sturdiness, 
ease  of  operation,  and  accessibility.  Maxi¬ 
mum  safety  to  the  operator  is  provided  by 
extensive  shielding,  interlock  switches. 


and  low  voltage  output  coils.  Air-cooled 
tubes  used  in  the  generator  contribute  to 
long  life  and  low  maintenance.  Water  is 
not  required  at  the  generator  proper. 

To  take  the  place  of  the  applicator— for 
specialized  conveyor  operations — a  com¬ 
plete  kit  of  components  with  wiring  dia¬ 
grams  is  available  for  easy  assembly  of 
your  own  work  unit. 

•  •  • 

Installation  supervision  and  operator 
training  is  provided  by  a  staff  of  experi¬ 
enced  laboratory  and  field  engineers  at 
no  extra  cost  to  you. 


m 


rntmCTKOtllC  MUMTIMO 

RADIO  CORRORATIOM 
of  AMERICA 

mmoiurKuium  rrooucts  OKPUurmmmr. 


IB  FOR  QUICK  FACTS  USE  THE  COUPON-*  • 

Corporation  of  Amorkn 
Boctronk  Apporotw  SocHon 
Dopt.  30-F*  Cnmdon,  N.  J. 

We  are  interested  in  the  application  of  money-saTinx  electronic 
heat  for  hish>speed  processinx  of  the  followinx  product.  Please 
send  me  free  information  on  RCA  equipment. 

Produa _ _ _ 


Company. 

Address— 
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Phone  or  CW 


When  the  bonds  ore  oetive  it  only  tokes  one 
minute  to  find  thot  you  need  Hommoriund's  potented 
vorioble  crystol  filter  to  hove  o  successful  QSO— either 
phone  or  CW. 

^  Look  to  the  future!  When  the  number 

K,  of  Homs  doubles  or  trebles  you  will  need  jA 
the  crystol  filter  thot  weeds-out  the 

QRM  ...  If  you  con't  heor  'em,  / 

you  con't  work  'em!  Jj^  *  ✓ 


ItM 


Price  (SP-400-X) 

$342.®® 

Including  Speaker 


THE  NAMMARLIIIID  MFCI.  CO.,  INC.,  460  W.  34^  ST.,  NEW  YORK  1,  N.Y. 

MANUPACTUKKRt.Or^PRKClSION  COMMUNICATIONS  KQUIPMtNT 
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MANOFACTHRING  COMPANY,  INC. 


Name 


327  East  Streat,  New  Ham  11,  Coaa. 


Company 


"Z.  Address 
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Need  something  SPECIAL  for  VIBRATION  CONTROL? 


THE  MB  Manufacturing  CoMPANif,  Inc. 
Vibration  Division, 

.‘127  East  Strket,  Xkw  Havex  11,  Coxn. 

Please  send  me  a  copy  of  the  booklet  on  vibration. 


Position.. 


ISOMODE  (passenger  seat) 


'•  ^.v§t 

AIRPLANE  ENGINE  MOUNT 


3  EXAMPLES  OF  SPECIAL 


MB 


ENGINEERED  DESIGNS 


ISOMODE  (industrial) 


An  ideal  vibration  control  system  is  best  pre¬ 
pared  in  the  design  stage  of  your  product.  But  often 
the  problem  is  one  of  developing  more  efficient  isola¬ 
tion  for  hnish^  mechanisms.  Highly  qualified  by 
background  and  experience,  MB  vibration  specialists 
can  handle  any  phase  for  you  and  come  through  with 
uniquely  effective  designs. 

Take  the  MB  passenger  seat  Isomode,  for  instance. 
It  was  developed  for  double  duty.  Loaded,  it  has  one 
spring  rate  to  isolate  passengers  from  vibratory  dis¬ 
turbances  . . .  unloaded,  another  to  control  vibration- 
induced  noises. 

Or  again,  the  MB  aircraft  engine  mount,  designed 
to  give  unusual  isolation  at  specified  mounting 
points.  High  strength-weight  ratio,  inbuilt  damper 
that  doesn*t  reduce  isolation,  and  simplicity — are  all 
MB  extras  of  design. 

On  the  other  hand,  the  MB  Isomode — a  compres¬ 
sion-type  mount — is  specially  designed  for  positive 
vibration  control  for  many  applications.  It  has  the 
same  soft  spring  rate  in  all  directions  . . .  isolates  all 
modes  of  motion. 

Why  not  find  out  what  MB  can  do  for  your  vibra¬ 
tion  troubles?  Write  for  this  free  16-page  book.  It 
shows  you  why  and  how  vibration  affects  a  product, 
and  points  the  way  to  simpler  solutions. 


•  SPECIAL  VIBRATION  TEST  EQilPMENT 

II 


The  new  Printloid  catalog  tells  the 
story  of  complete  plastic  production  un¬ 
der  one  roof.  Includes  a  useful  Plastics 
Glossary.  Write  for  your  copy. 


'all  under  one  roof 


Printloid  is  a  four-in-one  out< 
fit  that  brings  you  complete 
plastic  fabrication  in  one 
plant.  Experts  handle  your 
job  from  the  initial  design 
through  final  assembly. 

Results?  No  shoppfhg 
around,  no  wasted  time.  In¬ 
stead,  better  design,  uniform 
control  and  lower  costs  with 
Printloid  engineering  supen 
vision  at  every  step  of  the  job. 


?rintloid 

;over8  all 

examples  a  engraved  i 

supervision  oy 


FORMING 

Radio  Dfal  windows  are  a  Print- 

loid  specialty,  and  we  have  made 

millions  for  the  country's  largest 

radio  manufacturers.  Printloid 

has  worked  for 

every  industry, 

producing  fin- 

ished  products 

as  well  as  sub- 

assemblies. 


PRINTING  AND  DIE  CUTTING 

Limitless  imssibilities  of  print¬ 
ing,  from  line  cuts  to  four  color 
process  printing,  are  yours  at 
Printloid.  Die  Cutting  facili¬ 
ties  range  from 
steel  rule  dies 
to  hydraulic 
presses  for 
heavy  plastic 
sheets. 


MACHINING 

Printloid  is  ex- 
perienced  in  pre- 

cision  work  to  '^***4^ 

.001"  in  all  ma- 
chining  and  finishing  operations. 
Typical  of  our  complete  facilities 
is  2H  inch  through  spindle  lathe 
capacity  for  machining. 


ASSEMRLY 

Printloid  ex- 
perts  work  to 
^  your  specifica¬ 
tions  or  execute  your  original  de¬ 
signs.  Displays  have  been  created 
for  leading  national  advertisers. 
Our  engineers  invite  you  to  con¬ 
sult  them  on  your  problems. 


w7  ■ 

naa 

ir|ilas1 
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variable  fluid  condenser 


A  revolution  in  condenser  design  ...  at  last  making 
attainable  many  improved  efficiencies  sought  by 
every  quality  radio  maker.  Study  these  advanced 
new  features. 


ftlSSUIE  CAST 
SOLID  CAM  lOTOIS 

of  sctcntifically-developed  arems  and 
contour.  Separated  from  stator  by  fixed 
increments  of  dearance.  The  relatively 
large,  balanced  cam-rotor  masses—with 
only  one  moving  part  per  stage— and 
the  absence  of  vibrating  plates  (present 
in  multiple  plate  construction),  remove 
the  diief  causes  of  acoustical  feed- 
badc.  Self-inductance  is  minimixed. 
Passat  of  mudi  higher  frequendea 
and  volume  is  permitted. 


SINGLE-UNIT 
PIESSUIE  CAST 
STATOI 
(Aduol  SiztL 


(PATENTS 

PENDINd) 


COMPLnELY  SHIELDED 
AND  SEALED 
by  Cover  (not  shown] 


LOW-LOSS  PLASTIC  SHAFT 

of  calculated  rigidity,  contributes  impor* 
tantly  to  the  increased  effidency. 


SEALED-IN  CONSTRUCTION 

Dust-proof,  moisture-proof,  mold-proof.  Endosing 
a  permanent,  accuratdy-pontioned  lifetime  assem¬ 
bly  that  cannot  be  damaged  or  jarred  out  of  adjust¬ 
ment  duri^  assembling  of  the  radio  set  or  its 
transportaticm.  * 


SPECIAL  SYNTHETIC  FLUID  DIELECTIIC 

i^with  an  exceptionally  high  didectric  con¬ 
stant,  is  introduced  into  the  clearance  area 
between  rotors  and  stator.  The  fluid  remains 
permanently  stable,  without  breakdown 
or  viscosity  change  when  subjected  to  tem¬ 
perature  extremes  and  when  used  through¬ 
out  a  lifetime  of  service.  The  fluid  didectric, 
together  with  the  inherent  characteristics  of 
the  cam-rotor  design,  greatly  reduce  contact 
resistance  and  produce  an  improved  dectrical 
effidency  up  to  nearly  twice  that  of  air-gap 
multiple  plate  condensers.  Strength  of  signal 
;  and  sensitivity  are  corretpondini^y  incr&sed. 


COMPLETELY  INTERCHANGE AILE 

Mounting  dimensions,  shaft  location,  and  overall 
size  conform  to  RMA  standards,  mi^ng  it  com- 
pletdy  interchangeable  with  variable  air  condensers. 


NOTICE: 

Availabie  now  in  420-162  two-nta^  capac¬ 
ity;  other  capacities  produced  to  order. 
Prixiuction  facilities  are  beini  expanded . . . 
attractive  delivery  schedules  will  be  possi¬ 
ble  in  the  near  future.  Advance  orders  will 
of  course  receive  priority. 


Electric  Time  Standards 
Watch  Rate  Timers 


^  Timing  Switches 

Radio  and  Electronic  Devices 


106  Spring  Street 
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tECTROFILM  at  a  {fiance 

Lcctrofilm  is  the  name  of  a  new  S3nithetic-re8in 
dielectric  developed  by  General  Electric  Laboratories 
which  combines  a  greater  number  of  desirable  mechan¬ 
ical  and  electrical  properties  than  any  other  single 
capacitor  dielectric  material.  It  is  admirably  suited  for 
use  in  dry-type,  high-voltage  capacitors  because  it — 

Withstands  high  and  low  ambient  temperatures 

2*  Has  low  power  factor  and  its  power 
factor  decreases  as  temperature  rises 

Has  high  dielectric  strength  and  constant 

Is  chemically  stable 


Sm  Is  Strong  and  flexible 


6m  Has  uniform  characteristics 
7*  Is  moisture  resistant 


iqncrs 


L 


High-Voltage 

CAPACITORS  for  TELEVISION 
Pulse  Rectifiers 

To  smooth  out  the  rectified  high-voltage  power 
supply  in  television  and  similar  electronic  applica¬ 
tions,  G.E."  has  developed  a  new  line  of  small, 
light-weight,  high-voltage  capacitors.  These  new 
components  are  specially  designed  to  meet  the 
exacting  restrictions  in  size  and  weight  made 
necessary  by  the  compact  design  of  modem 
television  receivers. 

Currently  available  in  two  widely  usable  designs 
— flat  cylindrical  and  long  cylindrical — ^these  Lec- 
trofilm*  units  are  equipped  with  prong-type 
terminals,  designed  to  meet  the  special  mounting 
requirements  of  modem  television  receivers. 

Constructed  of  thoroughly  tested  and  proved 
materials,  these  new  Lectrofilm  capacitors  make 
available  to  the  television  engineer  the  high  quality 
and  reliability  demanded  by  today’s  television 
applications.  Write  for  Bulletin  GEA-4558. 

G-E  Lectrofilm  capacitors,  for  use  in  television 
pulse  rectifiers,  are  now  available  in  the  ratings 
given  in  the  following  table.  (Other  ratings  and 
designs  will  be  available  on  request.) 

RATINGS  AND  DATA 

Capacitance  ratings:  all  sizes  .0005  Mu-f.  Capacitance  tolerance;  plus 
35  per  cent,  minus  0  per  cent. 


Pwcrfi 

Working  Cot.  No. 
VoHogo 


Maximum  R-F  Current 
(Milliomporos) 

_ ot  troquoncios  of _ 

20  Kc.  I  100  Kc.  I  300  Kc. 


RAT  CTLINDIICAL  INITS.  with  Terminals  on  Axis 


5000 

7500 

10,000 

16,000 

29F201 

29F200 

29F196 

29F206 

15 

20 

23 

30 

50 

75 

100 

120 

150 

200 

300 

350 

lORfi  CTUNDIKAl  MITS,  with  TerminaU  on  Axis 

5000 

29F203 

10 

40 

100 

7500 

29F204 

10 

40 

100 

10,000 

29F202 

10 

40 

100 

16,000 

29F205 

15 

•  50 

125 

Approx.  Dimon- 
slons  in  Inchos 
Length 

Diom*  (Inc. 

eter  lormi- 

_  nols) 


1| 

i!f 


•  General  Electric’s  new  sjrnthetic-resin  dielectric 
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Company. 

Addrost 


TIMELY  NIGHLI6HTS 
ON  G-E  COMPONENTS 


MORE  MAGNET  in  le44‘  dfUiCB 


G-E  alnico  magnets  are  the  answer  to  many  a  tough  problem  in 
design,  where  coercive  force  must  be  large,  and  t^  .magnet  small. 

They  are  formed  by  the  cast  as  well  as  the  sintered  process  which 
makes  possible  rapid,  large-scale,  close-tolerance  manufacture  of  both 
complex  and  simple  al^Tpes.  Compact,  with  uniform  flux  distribution 
and  great  stabilit^T  these  mighty  midgets  facilitate  the  design  of 
small  devices  ofmigh  precision.  Write  for  Bulletin  GEA-3682A. 


Frequently,  electronic  designers  need  a  non-linear  resistance  to 
protect  against  voltage  surges,  to  stabilize  power  voltages  or  to  control 
voltage-selective  circuits.  In  Thyrite*,  General  Electric’s  silicon-carbide 
resistance  material,  current  varies  as  a  power  of  the  applied  voltage. 
That  is,  I  varies  as  E“. 

For  example,  with  a  Thyrite  resistor  whose  exponent  is  4,  doubling 
the  voltage  multiplies  the  current  by  2^  or  16,  whereas  doubling  the 
voltage  applied  to  a  wire-wound  resistor  merely  doubles  the  current. 

Thyrite  resistors  are  supplied  in  discs  or  rods,  in  diameters  from 
0.25  in.  to  6.0  in.  Write  for  Bulletin  GEA-4138A. 

*  Trade-mark  Reg.  U.  S.  Pat.  Off. 
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These  thin,  internal-pivot  panel 
instruments  have  high  torque, 
good  damping,  and  a  lightweight 
moving  element  that  withstands 
vibration.  They  respond  rapidly 
and  accurately.  They  give  you 
more  instrument  in  less  space,  because  the  internal -pivot 
construction  makes  the  entire  element  assembly  20  per 
cent  thinner  than  most  outside-pivoted  types.  Ask  for 
details  of  the  Type  DW  voltmeter  or  ammeter — milli, 
micro,  or  radio  frequency.  Bulletin  GEA-4064. 


General  Electric  Company,  Sec.  642-1 1 

Apparatus  Dept.,  Schenectady  5,  N.  Y. 

Please  send  me 

. GEA-4558  (Lectrofllm  capocilort)  _ GEA-413SA  (Thyrite) 

_ GEA-3682A  (Sintered  alnico  magnets)  _...6CA-4519  (Soid^ng  irons) 

_ GfA-4064  (Panel  Instruments)  _ GEA-2176A  (Selsyns) 

NOTE:  more  data  available  in  Sweets'  File  for  Product  Designers 

Name . . . . 


REMOTE  CONTROLS  tUat  iioAf  in  iiefi. 


G-E  selsyns  stay  synchronized;  that 
is  why  they  are  so  widely  used  for 
remote  control  and  indication  applica¬ 
tions  with  single  and  multiple  receivers. 

Three  sizes  of  high-accuracy  selsyns 
give  operation  to  within  plus  or  minus 
1  degree.  Where  plus  or  minus  5  de¬ 
grees  is  close  enough,  use  lower  cost 
general-purpose  selsyns. 

Accuracy  values  are  for  60  cycle, 
110  volt  operation.  Write  for  Bulletin 
GEA-2176A. 


With  the  new  line  of  G-E  soldering  irons,  operators 
can  solder  just  as  fast  as  the  nature  of  the  job  per¬ 
mits.  Tips  stay  hot  during  constant  use.  The  Calrod 
heating  element  close  to  the  tip  gives  a  short,  low- 
loss  heat  path  to  the  work. 

Sturdy  construction  prevents  work  interruptions 
due  to  iron  failure.  Repairs  are  infrequent,  even 
under  severe  conditions.  Available  in  flve  sizes  and 
types,  from  75  to  300  watts,  115  volt  or  230  volt. 
Write  for  Bulletin  GEA-4519. 


A  LOT  OF  NSTRUMENT 


TIGHT,  FAST  JOINTS 

ie^in  wUU  tUe  i^ion 


in  a  lUtU  ifuica 


EVER  NEED  a  non^lineoA  fMAiiianca? 


For  wartime  uses,  design  engineers  asked  these  three  ques¬ 
tions. 

In  peacetime,  as  design  engineers  plan  for  peacetime  equip¬ 
ment,  the  same  questions  are  asked. 

"What  are  they?" 

G.A.F.  Carbonyl  Iron  Powders  are  obtained  by  thermal 
decomposition  of  iron  penta-carbonyl.  There  are  five  differ¬ 
ent  grades  in  production,  designated  as  “L,”  “C,”  “E,”  “TH,” 
and  “SF”  Powder.  Each  of  these  five  types  of  iron  powder  is 
obtained  by  special  processing  methods  and  has  its  special 
field  of  application. 

The  particles  making  up  the  powders  “E,”  “TH,”  and  “SF” 
are  sj^erical  with  a  characteristic  structure  of  concentric 
shells.  The  particles  of  “L”  and  “C”  are  made  up  of  homo¬ 
geneous  si^eres  and  agglomerates. 

Their  weight-average  diameter,  their  total  iron  contents, 
and  their  carbon  contents  are  given  in  the  table  at  upper 
right. 

'^hy  are  they  better?" 

Carbonyl  Iron  Powders  are  better  because  of  their  unique 
spherical  shape,  shell  structure,  particle  size  distribution, 
high  degree  of  purity  and  freedom  from  stress. 


Their  stability  against  magnetic  shock,  temperature 
changes,  and  time  (aging)  is  of  the  highest  order. 

Permeabilities  range  up  to  70  with  low  eddy-current  losses. 
Q  values  are  the  highest  obtainable  because  of  extremely 
small  eddy-current  and  hysteresis  losses. 

Carbonyl  Iron  Powders  are  better  as  electromagnetic  mate¬ 
rial  over  the  entire  communication  frequency  spectrum. 

A  set  of  relative  Q  values  for  the  five  powder  grades  is 
given  in  the  graph  on  the  other  page  to  show  the  conventional 
frequency  range  for  each  grade. 

"What  are  their  uses?" 

Carbonyl  Iron.  Powders  are  used  for  electromagnetic  cores 
and  structures  for  widely  different  purposes.  Five  typical 
applications  are  shown  on  the  chart  at  bottom  of  other  page. 

“L”  and  “C”  powders  are  also  used  as  powder  metal¬ 
lurgical  material  because  of  their  low  sintering  temperatures, 
high  tensile  strengths,  and  other  very  desirable  qualities. 
Sintering  begins  below  5(X)“C  and  tensile  strengths  reach 
1 50,0(X)  psi.  Compacts  can  be  mad^  having  regular  pronounced 
porosity  to  function  as  a  spongy  mass.  Compacts  can  also  be 
made  of  highest  density  for  excellent  magnetic  properties. 

Further  information  can  be  obtained  from  the  Special 
Products  Sales  Dept.,  General  Aniline  &  Film  Corporation, 
270  Park  Avenue,  New  York  17,  N.  Y. 
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Diam«f«rs  and  Chamicol  Composition 
.  of  the  5  Corbonyl  Iron  Powder  Grades 


RELATIVE  Q  VALUES  OF  THE  5  CARBONYL  IRON  POWDER  GRADES 


FREQUENCY 


Total  Fa 
Content  % 


Total  Carbon 
Content  % 


Carbonyl 
Iron  Grade 


Weight'Average 
Diameter  Microns 


0.005-0.03 
0.03  -0.12 
0.65  -0.80 
0.5  -0.6 
0.5  -0.6 


"L"  Type  Powder  used 
in  cores  for  permeabil¬ 
ity  tuning. 


"C"  Type  Powder  for  For  antenna  coils,  "E" 
E-cores  in  filter  coils.  Type  Powder  used  in 

cores. 


"TH"  Type  Powder  is 
employed  for  cup 
shields  in  coils. 


One  use  of  ''SF*'  Type 
Powder  is  in  high  fre¬ 
quency  choke  cores 
(with  sealed-in  leads). 


CARBOMn  tBON  POWDEBS 
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Large  increases  in  machining  equipment 
for  Formica  electrical  parts  installed  to 
meet  the  demands  of  war,  now  make  it 
possible  for  Formica  to  handle  the  ma¬ 
chining  of  a  much  greater  volume  of 
parts,  and  to  provide  prompt  service. 

Modern  equipment  capable  of  a  high 
level  of  accuracy  and  uniformity  in  the 
output  has  raised  the  quality  of  Formica 
machined  parts. 


If  you  are  interested  in  a  steady  flow  of 
high  quality  laminated  plastic  insulating 
parts,  send  your  blue  prints  for  quotations. 

The  Formica  Insnlotion  Co. 

4648  Spring  Grove  Ave. 
Cincdnnoti  32,  Ohio 
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Belden 


A  pent-i4>  river  stampedes  through  the  races 
at  Norris  Dam  ...  a  rotor  turns  .  .  .  and  a 
hundred  miles  away  a  haj^y  light  twinkles 
in  die  window  of  a  lonesome  &rm  house. 

Live,  snorting  steam  is  corralled  and  re¬ 
leased  again  to  plunge  headlong  against  the 
whirling  blades  of  a  turbine ...  and,  silently, 
a  bank  of  many-colored  lights  creates  a  scene 
from  huryland  on  a  sts^  on  Broadway. 

Up  on  an  Aleutian  ouqiost  a  jeep  engine 
udiines  in  unison  with  a  small  generator  . . . 
and  a  homesidc  G  L  hears  a  fnendly 
**Hello**  hxMn  his  girl  as  she  speaks  a  half  a 
hemi^here  away.  And  on  and  on. 

Magic?  No,  it  is  electrical  wire  that  turns 
the  trick.  Wire  generates  and  harnesses  the 
wild  horsepower.  Wire  guides  it  across  the 
miles  to  make  it  useful.  This  *^wer  delivery 
service”  is  but  one  phase  of  the  wiremakers* 
contribution  to  industry  and  better  living. 


Horsepower 
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CHATHAM  ELECTRONICS 


47S  WASHINGTON  STREET,  NEWARK  2,  NEW  JERSEY 
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z^ai/ERjf  4s$uim>- 
AA^/  nuA^TY  avsM?RrymeE/ 


These  popular 
rectifiers  can  be  supplied  di^TTrom  stock  to 
meet  immediate  needs.  Because  CHATHAM 
production  is  devoted  exclusively  to  producing 
vacuum,  mercury  vapor  and  inert  gas  rectifiers, 
these  tubes  embody  many  special  mechanical  and 


electrical  features  that  lengthen  life  and  improve 
performance.  As  a  result  of  specialized  rectifier 
engineering  and  production,  this  plus  factor  in 
design  and  construction  involves  no  price  pre¬ 
mium.  For  complete  details  on  CHATHAM 
rectifiers  and  thyratrons,  call  or  write  today. 


G  METAUIZING? 


WHAT  IS 


It  hn*t  like  the  metallic 
decoration  on  tableware 
,  an  art  known  even  to 
the  ancient  Egyptians. 


CORNING  metallizing  is  a  per¬ 
manent  union  of  metal  to  glass 
so  strong  it  will  withstand  a  pull 
of  2000  pounds  per  square  inch! 
This  kind  of  metallizing  permits  a 
glass  part  to  be  permanently  sol¬ 
dered  into  place.  And  that  means 
fewer  parts,  faster  assemblies, 
hermetic  seals,  better  products! 
When  you  think  of  Corning  metal¬ 
lizing,  forget  about  metal  that’s  just 
painted  on — or  cemented  on — or 
cast  on.  This  is  something  entirely 
different,  a  development  of  Corning 


Research,  which  is  doing  a  real 
job  in  a  dozen  different  industries. 
Corning  metallized  glass  parts  are 
available  in  virtually  any  shape  or 
size  or  glass  formula.  To  get  the 
complete  story,  write  today  for 
bulletin  EL-Z-ZlO.  Or  if  you  have 
an  immediate  problem  you  think 
Corning  metallizing  might  solve, 
one  of  our  engineers  will  call  at 
your  convenience.  Electronics  Sales 
DepartmentE-6,Technical  Products 
Division,  Corning  Glass  Works, 
Corning,  N.  Y. 


HOW  MUCH  DOIS  IT  COST  t 

Without  knowing  exactly 
what  you  want,  that’s  hard  to 
say.  But  this  glass  tube  in 
diameter  by  long  with 
metallized  bands  on  each 
end,  in  lots  of  100,000  to 
1,000,000,  costs  from  2c  to  5c 
each,  depending  on  the  glass 
and  tolerances  required. 


(IlllIMM) 

Eleetronie  Glassware 

ID  runs— 

Iii’simitIi  in  lihiss 

“PYREX”,  “VYCOR”  and  “CORNING”  or*  ragUterad  trada~marlu  and  indicat*  manufactur*  hr  Corning  Glau  Workt,  Coming,  N.  Y. 


ELECTRONICS  — Jaae  1944 


21 


SHOWS  CIRCUIT 


^  In  engineering  the  new  Du  Mont  IVpe  274  Oscillo 
graph,  Ihe  emphasis  has  been  on  "quality  at  a  price" 
—and  not  price  alone.  The  result:  the  finest  laboratory 
instrument  ever  offered  for  less  than  one  hundred 
dollars.  Available  soon— and  it's  worth  waiting  foil 


O  AkkSN  •.  OW  MONT  LAaONATONISS.  INC 


miMDNi 

ALLEN  B*  D^jMOTMT  LABORATORIES,  INC.,  PASSAIC,  NEW  JERSEY  •  CABLE  ADDRESS:  ALBEEDU,  PASSAIC  N,  J.,  U.  S.  A. 


Jvfie  — ELECTRONICS 


Jf^  !'-  ■'^h»p 


•j^-  /'. 
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#  Every  gage  or  measuring  device  known  to  the  science 
of  small  gear  production  is  employed  in  the  manufacture 
and  inspection  of  G.S.  small  gea%(.  In  fact,  so  precise 
are  the  manufacturing  standards  established  in  our  plant, 
that  rejections  have  been  reduced  to  the  vanishing  point. 
Devices  and  equipment  in  which  G.S.  Fractional  Horse¬ 
power  Gears  are  used  function  more  smoothly,  quietly 
and  dependably.  If  the  quantity  production  of  better,  more 
unijorm  custom-made  small  gears  is  a  matter  of  interest 
to  you,  won’t  you  share  your  problems  with  a  highly 
trained  specialist  in  this  field  .  •  a  G.S.  engineer? 


Specialties 


OhBLB'S  lUGESI  EUiySlVt  M/lNUFftClIHRS  Of  FlUCIIONAL  HORSEPOWER  GEARSO 
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mi%KW  9¥VI¥CM! 

Available  In  Varied  Constructioi^  f 


.1^ 

•ia 


THE  HYTtQN  I2SK70T  1$  QUALITY 


CHfCKIO 


AGAIN  HYTRON’S  lONG  EXPERIENCE 


GIVES  YOU  THE  BEST... 


For  your  protection  Hytron  tubes  are  quadruple- 
checked.  On  the  production  floor,  each  tube  is  first 
tested  for  significant  characteristics.  In  the  central 
inspection  department,  a  random  sampling  is  next 
taken  for  statistical  control  of  the  production  testing — 
to  assure  quality  within  acceptance  limits.  Failure  at 
this  point  demands  100%  retest. 

Daily  a  smaller  random  sampling  is  subjected  to  a 
searching  design  check  of  characteristics  such  as  inter- 
electrode  capacitances,  grid  emission,  and  transconduct¬ 
ance  cutoff.  These  characteristics  can  be  controlled  by 
the  smaller  sampling,  and  their  testing  requires  labora¬ 
tory  precision.  Simultaneously  production  tests  are 
again  repeated  for  further  statistical  control.  Again 
failure  to  meet  acceptance  limits  demands  100%  retest 
— even  for  design  characteristics  not  production-tested. 


Extreme  eccuracy  and  flexibility  of  this  Hytron  master 
test  station  particularly  Rt  it  for  quality  control. 

Finally  each  tube  is  once  more  short-tested  and  mech¬ 
anically  inspected  just  before  packing. 

This  painstaking  quadruple-checking  ensures  that 
specification  failures  of  tubes  actually  shipped  will  be  a 
practically  irreducible  minimum.  When  you  buy  a 
Hytron  ‘tube,  you  can  be  certain  that  every  ounce  of 
Hytron  know-how  on  quality  control — reinforced  by 
wartime  experience — has  been  in  there  punching  to 
give  you  only  the  best. 


OLDEST  MANUFACTURER  SFECIALIZINO  IN  RADIO  RECEIVING  TUBES 


!  5^  .  — - - - !•« 

^  ^  ; - 

2*^  currant.  *  •  •  x  ,  _ 

FloSa  currant  x  _ 

currant.  *  '  *  •  •  x  _  * 

Grid  currant  .,'•••  x  -  * 

Jranxconductonca  !**'•*  ■  * 

**PP^»»or  aclioa^  '  •  •  •  X  _  * 

*****  —  * 

H^  cothoda  *0,  ^  .  X  *  * 

R-fno<ia  .  * 

Tronsconductonca  cutoff  '  ’  .  *  •  *  .  * 

Vfcrofion  .  •  -f."  .  .  *  X 

Ixtulotion  ratistonca  ‘  ’  *  *  •  * 

Ixptd  copocitanca  .  ^  *  *  *  * 

Oidput  copocftonca  .’***'  * 

Grid.|»lafa  copocitanca  i  '  *  *  * 

Grid  anutsion  .  .  *  *  •  .  * 

(bosing  camant)*  ^  *  *  * 

iangth*  ’  ‘  •  * 

Machonicol*  .  *  "  *  *  •  X  * 

,  *  *  *  *  *  ‘  *  * 

*Machonicol  •asts'*ara  co«ar*.t  w..  .  .  *  > 


This  sUttderdized  Hytron  production  tester  is  composed  of  three 
units:  prehester,  charecteristics  tester,  noise  tester.  To  permit  a 
better  vievr  of  the  equipment,  only  one  of  three  operators  is  shown. 


1  A  •  • 


MAIN  OfFICit  SALIM,  MASSACNUSITTS 
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H*re  Ar«  th«  Reasons  for  Micro  Switch 
Precision  Performance 

1  Hard,  stainless  steel  plunger  pin.  Ground 
*  to  true  diameter  with  rounded  edge:  flat 
area  on  top. 

O  Positive  stop  which  limits  overtravel  of 
^  phirtger  and  prevents  extra  strain  on  three- 
blade  spring. 

Q  Heavy  brass  anchor  with  patented  groove 
in  which  accurately  broached  pivot  edges 
of  the  spring  operate,  assuring  uniform 
switch  performonce. 

J  Perfectly  formed  and  heat  treated,  three- 
"  bloded  beryllium  alloy  spring  of  high 
electrical  conductivity.  Spring  bends  in 
normal  manner — in  same  direction  as 
plunger — providing  lightning  fast  action. 
Lock  of  reverse  bends  insures  long  flexure 
life. 

SHrmly  locked-on  cover.  Carefully  checked 
for  size  and  flatness. 

#  Heavy,  scientiflcaily  designed  contacts  of 
^99.95%  line  silver.  Large  stationary  con- 
toct  and  rivet  type  movable  contact — no 
overheating,  and  ample  overload  capac¬ 
ity. 

/Movable  contact  on  spring  always  moves 
in  some  direction  as  plunger — dean  break. 
Overtravel  features  hold  contocts  Arm — 
proof  against  cross  oction. 

Add  to  these  feotures  sdentiflc  manufactur¬ 
ing  methods  and  rigid  inspection  of  finished 
products  ond  you  hove  further  proof  of 
Micro  Switch  leoderdiip. 


Ithis  trade  mark 


IS  a  sign  of  genuine  precision 


SN/ 


MICRO 


SWITCH 


FREEPORT,  ILLINOIS,  U.  S  A 


"Uses  unlimited"  describes,  in  principle,  a  few 
of  the  wide  uses  for  Micro  Switch  Snap- 
Action  Switches  os  incorporated  ports  in 
equipment. 


PRESSURf  ACTUATED 


DISC  4.  CAM 
ACTUATED 


C 1M8.  Pift  ladiftrial  Corpoimtioa  i 


... 

■'i 

L  o  ' 

"" 
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The  Franklin  Airloop  Corp.,  175 
Varick  St.,  New  York  14,  N.  Y., 
makes  this  unique  antenna  to  set 
manufacturers’  specifications. 


|T  is  Revere  copper  that  makes  possible  the  unusual  Franklin 

sheet, 


REVERE  PRODUCTS  INCLUDE 

Copper  and  Coppor  Alleys  In  sheet  end  plate,  rolls 
and  strip,  rod  and  bee,  Hibe  and  pipe,  extruded 
shapes,  forgings. 

Aluminum  Alleys  In  tubing,  extruded  shapes, 
forgings. 

Magnesium  Alloys  In  sheet  and  plate,  rod  and 
bar,  tubing,  extruded  shapes,  forgings. 

Electric  Welded  Steel  Tube  in  straight  lengths  or 
semi-fabricated  to  your  designs. 


I  Airloop  antenna.  This  is  die-stamped  out  of  .005 
a  single  operation  on  automatic  machines  forming  the  loop 
and  locking  it  into  the  backboard.  The  result  is  superior  rug¬ 
gedness,  less  distributed  capacity,  higher  *'Q,”  and  lower  cost. 

Thus  copper  once  again  proves  that  its  unique  qualities  make 
it  *’The  Metal  of  Invention.*’  Easy  workability,  high  electrical 
and  heat  conductivity,  corrosion  resistance,  availability  in  a 
variety  of  tempers  and  in  sheet,  strip,  plate,  bar  and  rod — copper 
by  Revere  serves  the  radio  industry  in  many  different  ways. 

Revere  also  offers  copper  alloys,  aluminum  and  magnesium, 
and  electric  welded  steel  tube.  Selection  of  the  proper  metal 
or  alloy  may  .at  times  be  a  matter  for  careful  study;  Revere  is 
always  glad  to  cooperate  with  engineers,  designers  and  pro¬ 
duction  men  in  working  out  the  most  economical  and  efficient 
applications. 


COPPER  AND  BRASS  INCORPORATED 

Founded  by  Paul  Revere  in  1801 
230  Park  Avenue,  New  York  17,  New  York 
Mills:  Bmltimore,  Md.;  Chicago,  III.;  Detroit,  Mich.: 
New  Bedford,  Mass.;  Rome,  N.  Y. 

Sales  Offices  in  Principal  Cities,  Distributors  Everywhere. 
• 

Listen  to  Exploring  the  Vnknottm  on  the  Mutual  Net¬ 
work  every  Sunday  evening,  9  to  9:30  p.m.,  EDST. 


Juno  ELECTRONICS 


A  thermostat  should  have  a  short  heat  transfer  path  —  to  pro¬ 
vide  direct  and  rapid  temperature  control.  The  temperature- 
sensitive  outer  shell  of  FENWAL  Thermoswitch  expands  and 
contracts  with  changes  in  temperature,  directly  actuating  the 
switch  element  within.  The  Thermoswitch  does  not  require  heat 
penetration  of  an  outside  barrier,  as  is  common  in  other  types 
_  of  thermostats. 


Chart  shows  the  short  heat  flow  path  of  the 
FENWAL  Thermoswitch  compared  to  Type  1  and 
Type  2  thermostats.  This  means  minimal  heat  gra¬ 
dient  effects  reducing  warming-up  and  cooling-off 
time  of  the  thermostat  unit. 


FENWAL 


_ I  I  Short  heat  transfer  path  and  all  the  other 

■■■■■■■  FENWAL  features  make  the  Thermoswitch  the  ideal 
thermostat  for  all  applications.  Study  the  Thermotechnics  Book- 
let  —  which  includes  the  Fourteen  Facts  in  Fenwal’s  Favor. 
Send  for  your  copy  today. 


the  "Fourteen  Facts  in  Fenwal's  Favor' 


THERMOTECHNICS  FOR  COMPLETE  TEMPERATURE  REGULATION 
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NOW! 


WTMJ — The  Milwaukee  Journal  Station, 
Milwaukee,  Wis.,  ordered  this  new  Federal 
8  Square-Loop  Antenna  with  a  540  foot  self- 
supporting  tower,  for  immediate  delivery. 


TECHNICAL  DATA 

•  Engineered  for  FM  broadcast  sta¬ 
tions  operating  on  an  88  to  108  me. 
carrier. 

»• 

•  Loops  are  approximately  feet 
square. 

•  Coaxialiy-fed  loops  concentrate  ra¬ 
diated  power  in  every  direction  of  the 
horizontal  plane. 

•  8  loops  are  spaced  9  feet  3  inches 
apart  on  square  supporting  tower. 

k 

•  Lattice-type  steel  supporting  tower 
is  two-feet  square,  and  74  feet  high. 
It  mounts  a  standard  aviation  safety 
beacon  on  top. 

•  Pyramidal,  bridge-construction  steel 
base  optional  to  height  desired. 

•  Designed  to  handle  10KW,  20KW 
and  50KW  transmitters  with  effec¬ 
tive  radiated  power  outputs  of  90KW, 
180KW  and  450KW  respectively. 


Export  Distributort 
Mfnotioool  Standard  Boclric  Corporation 


FEDERAL’S  8  SQUARE -LOOP  ANTENNA  PROVIDES 
90KW  EFFECTIVE  POWER  OUTPUT^WITH  A  10KW  TRANSMITTER... 

180KW  WITH  A  20KW  TRANSMITTER... 450KW  WITH  A  50KW  TRANSMITTER! 


HERE  IS  STILt  ANOTHER  EXAMPLE  ol  Federal’s 
leadership  in  the  entire  field  of  FM ...  an  8-loop  an¬ 
tenna  with  the  highest  power  gain  ever  available  in  the 
FM  broadcast  service. 

It  radiates  horizontally  polarized  waves  so  highly  direc¬ 
tive  that  very  little  energy  is  lost  to  useless  ground  or 
sky  wave.  Thus,  with  a  power  gain  of  9,  you  can  now  get 
an  effective  power  output  of  90KW  with  a  lOKW  trans- 
mitter;  180KW  with  a  20KW  transmitter  and  450KW 
with  a  50KW  transmitter!  This  not  only  means  a  great 
saving  on  the  cost  of  original  equipment,  but  important 
economies  of  operation  as  well. 

Be  prepared  for  future  FCC  action  increasing 
the  effective  radiated  power !  > 

One  antenna  is  built  for  use  over  the  entire  FM  range . . . 


88  to  108  megacycles.  Only  one  predetermined  stub  ad¬ 
justment  per  loop  changes  it  for  any  frequency  in  this 
band.  Also,  antenna  array  may  be  fed  in  two  sections 
with  separate  coaxial  lines  to  allow  for  emergency  auxil¬ 
iary  operation. 

Structurally,  the  tower  is  designed  not  to  disturb  the  cir¬ 
cular  pattern  of  the  antenna's  radiation  ...  is  supported 
on  a  rugged,  pyramidal  base.  The  entire  unit  withstands 
high  wind  velocities  and  heavy  icing  loads. 

Coming  at  a  time  when  the  FCC  has  given  the  green 
light  to  FM  station  construction,  this  remarkable  new 
antenna  is  another  contribution  to  the  advancement  of 
FM  transmission  . . .  part  of  the  “completely  packaged 
service”  which  Federal  now  makes  available.  A  Federal 
engineer  will  be  glad  to  give  you  full  details. 


Shown  at  right  is  a  square  loop  an¬ 
tenna  in  operation  at  the  Federal  lab¬ 
oratories.  Design  is  similar  to  the  8 
square-loop  antenna. 


Newark  1,  New  Jersey 
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A  new  fixed  frequency  receiver  to  meet  the  present 
and  future  requirements  of  aeronautical  ground*air, 
or  point-to-point  radio  communications. 

With  increased  traffic  and  new  services  taxing  the 
already  over-crowded  2-20  Me  communication  fre¬ 
quencies,  the  Wilcox  Electric  Co.  Type  255A  Receiver 
has  been  especially  engineered  to  minimize  adjacent 
channel  interference,  and  to  maintain  good  intelligi¬ 
bility  on  telephone  reception. 

The  Type  25 5 A  occupies  only  3V4  inches  of  rack 
space,  making  it  readily  adaptable  to  the  replacement 
of  existing  receivers. 


•  Input  Impedance:  70  ohms. 

•  Output  Impedance:  500  ohms, 
center-tapped. 

•  Power.  110  V.A.C.,  50-60  cy¬ 
cles,  60  watts. 

•  Output  Power:  Choice  of  50 
milliwatts  or  1.25  watts. 

•  Sensitivity:  1  microvolt  at  2/1 
SN  ratio. 

•  Spurious  Frequency  Response: 
80  D.  B. 

•  A.V.C.:  3  DB  variation  from  10 
microvolts  to  1.5  «rolts. 

•  Selectivity:  2X— 2  Kc.  wide. 

10X--4  Kc.  wide. 
lOOX— 7  Kc.  wide. 
lOOOX-11  Kewide 

•  Size:  3^4"  H.x  19' W. x  llVi'  D. 

DetaiUd  information  on  request. 


Use  of  miniature  tubes  permits  the  building  of  each 
stage  of  the  receiver  compfete  within  its  own  shield 
can,  which  in  turn,  plugs  into  an  octal  tube  socket 
on  the  chassis. 

Thus,  each  stage  is  instantly  removable  for  main, 
tenance,  and  may  be  checked  in  a  test  set  similar  to 
those  used  for  vacuum  tubes.  Maintenance  may  then  be 
accomplished  on  the  bench,  or  a  spare  stage  plugged 
in,  and  the  stage  returned  to  a  maintenance  base. 


WILCOX  ELECTRIC 
COMmiY,lNC. 

Manufacturers  of  Radio  Equipment 

FOURTEENTH  AND  CHESTNUT 
KANSAS  CITY,  MISSOURI 
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4  Bands— 540  kc*  to  32  Me. 


ZONE  2 
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The  Model  S-38  meets  the  demand  for  a  truly  competent  communications 
receiver  in  the  low  price  held.  Styled  in  the  post*war  Hallicrafters  pattern 
and  incorporating  many  of  the  features  found  in  more  expensive  models, 
the  $-38  offers  performance  and  appearance  far  above  anything  hereto* 
fore  available  in  its  class.  Four  tuning  bands,  CW  pitch  control  adjust¬ 
able  from  the  front  panel,  automatic  noise  limiter,  self-contained  PM 
dynamic  speaker  and  '*Airodized"  steel  grille,  all  mark  the  S-38  as  the 
new  leader  among  inexpensive  communications  receivers. 


1.  Overall  frequenqr  range— 
)40  kilocycles  to  32  mega* 
cycles  in  4  bands. 

Band  1 — 540  to  1650  kc. 
Band  2 — 1.65  to  5  Me. 
Band  3 — 5  to  14.5  Me. 
Band  4—13.5  to  32  Me. 
Adequate  overlap  is  provided 
at  the  ends  of  all  bands. 

2.  Main  tuning  dial  accurately 
calibrated. 


FEATURES 

3.  Separate  electrical  band 
spread  dial. 

4.  Beat  frequency  oscillator, 
pitch  adjustable  from  front 
panel. 

5.  AM/CW  switch.  Also  turns 
on  automatic  voluoM  control 
in  AM  position. 

6.  Standby/receive  switch. 

7.  Automatic  noise  limiter. 


8.  Maximum  audio  output — 
1.6  watts. 

9.  Internal  PM  dynamic 
speaker  mounted  in  top. 

10.  Controls  arranged  for 
maximum  ease  of  operation. 

11.  105-125  volt  AC/EX:  op- 
eration.  Resistor  line  cord  for 
210-250  volt  operation  avail¬ 
able. 

12.  Speaker/phones  iK’itch. 


CONTROLS:  SPEAKER/PHONES.  AM/CW,  NOISE 
LIMITER,  TUNING,  CW  PITCH,  BAND  SELEO 
TOR,  VOLUME,  BAND  SPREAD,  RECEIVE/ 
STANDBY. 


EXTERNAL  CONNECTIONS:  Antenna  terminals  for 
doublet  or  single  wire  antenna.  Ground  terminaL 
Tip  jacks  for  headphones. 

PHYSICAL  CHARACTERISTICS:  Housed  in  a  sturdy 
steel  cabinet.  Speaker  grille  in  top  is  of  airodiaed 
steel.  Chassis  cadmium  plated. 

SIX  TUBES:  1-12SA7  converter;  1-12SK7  IF  ampli- 
fier;  1— 12SQ7  second  detector,  AVC,  first  audio  am- 
plifier;  1--12SQ7  beat  frequency  oscillator,  automatic 
noise  limiter;  1— 35L6GT  second  audio  amplifier; 
1— 35Z5GT  rectifier. 

# 

OPERATING  DATA:  The  Model  S-38  is  designed  to 
operate  on  105-125  volts  AC  or  DC.  A  special  exter¬ 
nal  resistance  line  cord  can  be  supplied  for  operation 
on  210  to  250  volts  AC  or  DC.  Power  consumption 
on  117  volts  is  29  watts. 


hallicrafters  radio 
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„..rkedhnptove»<f* 

The  finest  is  now  fi”****” 


J.  P.  SIIBURG  CORPORATION 

1500  M.  DAHOM  ST.  •  CHICAGO,  22 


minimum  friction  .  SILENT  .  LONG  LIFE  .  CONSTANT 


SPEED  .  TROUBLE  FREE  OPERATION 
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TYPE  X 

GL-9C24 
TRANSMITTING 
TUBE 


v-h-f  power  triode 

for  FM  and  TELEVISION 

Frequency  up  to  220  megacycles  at 
maximum  plate  input. 

T  :  High  power  output — see  ratings! 

#  All  the  electrical  characteristics  of 
ultra-modern  h-f  tube  design. 

Sturdy  and  COMPACT,  for  close  side- 
by-side  tube  mounting. 


G-E  RING-SEAL  construction  .  .  .  gives 
generous  terminal-contact  areas. 


RATINGS 

Filament  voltage 

6.3  V 

Filament  current 

250  amp 

1  Grid-plate  transconductance  11,000  micromhos  | 

1  Interelectrode  capacitances:  1 

Grid-fllament  23  mkromicrofarads 

Grid-plate  15  micromkrofarads 

Plate-filament  0.7  mkromicrofarads 

Type  of  cooling  water  and  forced  air 

Plate  ratings  per  tube.  Class  B  r-f  power  ampli¬ 
fier  (video  servke,  synchronizing  peak  conditions): 

Max  voltage 

5,000  V 

Max  current 

2  amp 

Max  input 

10  kw 

Max  dissipation 
*  Useful  power  output,  typkal 

5  kw 

operation  (at  4,000  v  and  1.7 
amp,  band  width  5mc) 

3.4  kw 

Plate  ratings  per  tube,  Class  C  r-f 

power  am- 

1  plHler  (key-down  conditions  without  modulation):  I 

Max  voltage 

6,500  V 

Max  current 

2  amp 

Max  input 

12  kw 

Max  dissipation 
*  Useful  power  output,  typkal 

5  kw 

operation  (at  6,000  v  and  1.3 
amp) 

6.4  kw 

1  ^Includes  power  transferred  from  driver  to  out-  | 

1  put  of  grounded-grid  amplifier. 

1 

General  electric’s  great 

new  power  tube  for  FM  and 
television — Type  GL-9C24 — com¬ 
bines  high  power  output  at  very- 
high  frequencies  with  unexcelled 
advantages  of  design.  This  is  the 
tube  you  want  and  need,  for  the 
power  amplifier  stages  of  new 
transmitters  now  on  your  drawing- 
boards! 

In  FM  use,  a  pair  of  GL-9C24’s, 
operating  conservatively,  will  put 
out  more  than  10  kw  of  power.  In 
television,  broad-band  tests  prove 
that  a  pair  easily  will  deliver  in 
excess  of  5  kw  at  synchronizing 
peak  level. 

No  neutralization  is  required  when 
GL-9C24’s  are  employed  in  a  prop¬ 
erly  designed  line  or  cavity  type  of 


grounded-grid  amplifier — the  cir¬ 
cuit  to  which  this  tube  is  particu¬ 
larly  adapted.  Other  features:  .  .  . 
Lead  inductance  is  extremely  low. 
All  external  metal  parts  are  silver- 
plated,  to  reduce  r-f  losses  and  pro¬ 
vide  better  electrical  contact  sur¬ 
faces.  Fernico  metal-to-glass  bonds 
are  used  throughout.  Ring-seal 
design  gives  large  terminal-contact 
areas,  with  correspondingly  im¬ 
proved  efficiency. 

G-E  tube  engineers  are  ready  to 
work  closely  with  you  on  the  ap¬ 
plication  of  this  new  v-h-f  tube  to 
your  new  FM  and  television  trans¬ 
mitters.  Phone  your  nearest  G-E 
office,  or  write  the  Electronics 
Department,  General  Electric  Com¬ 
pany,  Schenectady  5,  New  York. 


GENERAL  m  ELECTRIC 

FIRST  AND  GREATEST  NAME  IN  ELECTRONICS 
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FOR  VHF  CIRCUITS 
YOU  WANT  THIS 
RESISTOR . . . 


Ward  Leonard  Non-Inductive  Bulletin  21 
Resistors  were  designed  especially  to  meet 
the  exacting  requirement  of  high-frequency 
applications.  The  unique  design  of  the  Ward 
Leonard  Refractory  accurately  fixes  the 
points  at  which  the  Ayrton  Perry  Windings 
cross.  This  reduces  inductance  and  distrib¬ 
uted  capacitance  to  an  absolute  minimum. 
Bulletin  21  Resistors  are  Vitrohm  Resistors 


with  the  desirable  characteristics  of  all 
Ward  Leonard  Vitrohm  Resistors. 

«  ♦  *  ♦ 

Available  in  a  wide  range  of  sizes  and 
resistance  values,  with  ferrule  or  tab  termi¬ 
nals.  For  further  information  see  Bulletin  21. 

Write  for  Bulletin  21  today 

HMD  U0M» 

RELAYS  •  RESISTORS  •  RHEOSTATS 

Electric  control  ^  devices  since  1992 


WARD  LEONARD  ELECTRIC  COMPANY 

32  SOUTH  STREET,  MOUNT  VERNON,  N.Y.  •  OFFICES  IN  PRINCIPAL  CITIES 
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1^  A  new  10-inch  magnetic  focus  and  deflection  cathode- 
ray  tube  suitable  for  television  applications  requiring 
excellent  performance  at  low  price.  In  addition  to  the 
ball-terminal  snap  connector,  other  outstanding  features 
include  ion-trap  gun  to  insure  long  screen  life,  new  high- 
efficiency  screen,  essentially  flat  face,  external  conduc¬ 
tive  coating  which  can  be  used  for  power  supply  filter 
capacitor,  and  new  standard  duodecal  television  base. 

I  NOW  AVAIL  ABLE  IN  PRODUCTION  QUANTITIES! 

*ReglB'.«r*d  trad*-r.a;k 


Fallen  a.  dumont  LAaoMATOAics.  inc. 
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Helpful  Reference  Data 
for  Use  of  "PACKAGED  ENERGY” 


Of  special  interest  to  engineers  and  product  designers— here  are  two 
helpful  reference  charts,  shown  in  reduced  si2e  above,  on  the  energy  product 
and  physical  characteristics  of  permanent  magnets  featured  in  the  latest 
“Permanent  Magnet  Manual”,  prepared  by  Indiana  Steel  Products  Company. 

This  manual  contains  valuable  technical  data  on  uses  and  applications 
of  permanent  magnets;  modern  materials  and  methods  of  fabrication — 
including  complete  information  on  the  facilities  of  the  Indiana  Steel  Prod¬ 
ucts  Co.,  the  world's  largest  producer  of  “Packaged  Energy”.  Ready  for 
prompt  mailing  to  any  firm  or  individual  considering  commercial  magnet 
application,  this  manual  is  available  without  cost. 

More  than  24,000  applications  of  “Packaged  Energy”  have  been 
developed  by  our  engineers.  They  are  intimately  acquainted  with  all 
grades  of  permanent  magnet  materials  and  problems  of  design  and  appli¬ 
cation.  You  are  invited  to  consult  with  them  without  obligation. 

Wir^e  for  your  free  copy  of 
‘"Permanent  Magnet  Manual  No.  3"  todayl 

Producers  of  Packaged  Energy 


Ce»r.  IMt.  Th*  Indiana  Staal  Prodacti  Co. 

SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


6  NORTH  MICHIGAN  AVENUE  CHICAGO,  2  ILUNOIS 
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LABORATORY  INSTRUMENTS  FOR  SPEED 


BASIC  EQUIPMENT 
FOR  AUDIO 
MEASUREMENTS 


VACUUM  TUBE  VOLTMETER 
(MODEL  400A) 

Full-scale  sensitivity  from  .03  volts  to  300 
volts  in  9  ranges.  Input  impedance  1 
megohm  in  parallel  with  16  mmf.  Fre¬ 
quency  response— 10  cps  to  1  me. 


AUDIO  SIGNAL  GENERATOR 
(MODEL  205AG) 

Frequency  range  20  cps  to  20  kc.  5  watts 
output  with  less  than  IX  distortion.  Output 
impedances  of  50,  200,  500,  and  5000  ohms, 
center-tapped.  Output  attenuator  provides 
110  db  attenuation  in  1  db  steps. 


HARMONIC  ANALYZER 
(MODEL  300A) 

Measures  individual  components  of  a 
complex  wave.  Frequency  range  30  cps 
ta  16  kc.  Variable  selectivity.  Full-scale 
sensitivity  from  1  millivolt  to  500  volts. 


BOX  1222A  -  STATION  A*  PALO  A  LT  0«  C  A  L I  F  O  R  N  I A 

Audio  Frequency  Otdilators  Signal  Generators  Vacuum  Tuba  Voltmeters 
Noise  and  Ditforfion  Analyzers  Wave  Analyxors  Froquoncy  Motors 
Squore  Wave  Generators  Frequency  Standards  Attenuators  Electronic  Tachometers 
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HEWLETT-PACKARD  COMPANY 


Wherever  audio-frequency  and  supersonic  measurements 
are  made,  whether  in  an  electronics  laboratory,  a  broad¬ 
cast  station,  or  on  a  production  line,  -hp-  equipment  will 
speed  the  job  and  guarantee  the  accuracy  of  the  results. 
Measurements  of  frequency  response,  gain,  power,  and  voltagi 
level  throughout  the  audio- frequency  and  supersonic  range  can 
be  made  with  -hp-  Resistance  Tuned  Oscillators,  Audio  Signal 
Generators,  and  Vacuum  Tube  Voltmeters.  Total  distortion,  hum, 
and  noise  are  conveniently  measured  with  -hp-  Distortion 
Analyzers,  and  individual  components  of  complex  waves  may 
be  studied  with  the  -hp-  Model  300A  Wave  Analyzer.  Frequency 
measurements  are  readily,  made  with  the  Model  lOOB  Secondary 
Frequency  Standard  or  the  Model  500A  Electronic  Frequency 
Meter.  For  more  data  on  -hp-  measurement  equipment,  write 
direct  to  factory. 


RESISTANCE  TUNED  OSCILLATORS 

AvailabI*  in  7  models;  frequency  ranges 
between  2  cps  and  200  kc.  No  zero  setting. 
Constant  output.  Low  distortion. 


AmerTran  Transformers 

"Take  a  Bow”  in  the  New,  Compact 
PRESS  WIRELESS  TRANSMITTERS 


The  new  series  Press  Wireless  Trans¬ 
mitters  are  trim,  powerful,  and  clean 
as  a  hound’s  tooth.  This  batch  is  for  Naval 
use  (40  to  50  K.W.)  built  by  Press  Wire¬ 
less  Manufacturing  Corporation  at  their 
Hicksville,  Long  Island  factory.  As  the 
photos  prove,  AmerTran  transformers  and 
reactors  sort  of  “steal  the  show”  in  these 
units.  There’s  a  reason.  Press  Wireless,  Inc., 
the  communications  part  of  the  Press  Wire¬ 
less  organization,  have  been  using  Amer- 
T  rans  for  many  years  —  in  the  powerful 
stations  they  operate  for  world-wide  radio 
coverage.  They  like  the  characteristics  and 
endurance  of  AmerTrans,  and  are  kind 
enough  to  say  so. 

AmerTran  Transformers  are  designed  by 
authorities  in  electronic  energy  transform¬ 
ation.  They  are  built  in  a  plant  devoted 
exclusively  to  the  production  of  transform¬ 
ers  and  allied  products.  The  entire  Amer¬ 
Tran  organization  is  available  to  help  you 
get  the  most  up-to-date,  efficient  perfor¬ 
mance  for  your  transformer  dollar.  That  is 
why  AmerTran  products  are  built-in  com¬ 
ponents  in  the  best-known  commimications 
and  industrial-electronic  assemblies  now  in 
operation. 


R*or  •#  40  KW  r«ctif}«r  sec¬ 
tion.  AnMrTrmi  *'WS’'  ni«> 
niMt  troficfonn^r*  mi  ttppt 
rock.  AmorTroH  Mgli  voHog* 
Plolo  Trontformcr  in  tank 
at  loft. 


Final  ampUfior  power  wnit— 
50  K.W.,  u«in9  AmorTran  Trans- 
niHtor  Compononta  throwgliaut. 


Front  panel  viow,  roctifior  toctien,  shewing  AmerTran 
Filoment  Transformers. 


An  Amer>Tran  rfevelep- 
ment— The  Type  **W$”  In- 
tegnH  FilomentTronsf  ermer. 
Used  by  lending  transmitter 
manufacturers.  Short  lends, 
spoce-soving  design. 


AmerTran  1,000  V.  Plate  Trans¬ 
former.  **WS*'  Filament  Trans¬ 
formers  visible  at  right.  ■■ 


f-.' 

-  •  ? 


u 


AmerTran 


•*ANU**CTUtr»rG  StNCI  )»01  AT  NfWAIK  K  J 
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CORDS- 

that  pay  their 
own  way 

Now  YOU  CAN  HAVE  THEM  .  .  .  light 
weight,  flexible  cords  that  are  prac 
tically  non-aging.  They’re  protected 
with  ViNYLiTE  plastic  insulation  and 
establish  new  highs  in  safety,  service 
life,  and  long-run  economy.  Drag  and 
yank  these  cords  over  concrete  floors 
around  machines  and  equipment.Their 
modern  insulation  stands  the  gaff,  for 
it’s  remarkably  tough  and  abrasion-re 
sistant.  Smear  them  with  water,  oils, 
grease,  or  most  common  solvents— ex 
pose  them  to  alkalies  and  sunlight— the 
insulation  retains  its  high  dielectric 
strength.  Further,  Vinylite  plastics  are 
inherently  slow-burning,  and  non-flam 
mable  types  are  available  when  desired. 

Unsurpassed  on  cords  for  portable 
tools  and  household  appliances 
Vinylite  plastic  insulation  is  bringing 
new  ease  of  installation,  new  reliability 
and  safety  to  wires  and  cables  in  the 
public  utility,  communications,  indus 
trial,  and  construction  fields,  and  for 
marine,  radio,  and  aircraft  applica 
tions.  Its  thin-wall  construction  permits 
more  wires  in  existing  conduits.  It  can 
be  made  in  many  colors. 

Write  Department  18C  for  Booklet 
W-4,  “Vinylite  Plastics  for  Wire  and 
Cable  Insulation.”  And  call  on  Bake- 
lite  engineers  at  any  time  for  help  in 
applying  Vinylite  plastic  insulation, 
technically  and  economically,  to  your 
own  requirements. 


VINYLITE 

TRADE-MARK 

PLASTICS 


BAKELITE  corporation.  Unit  of  Union  Carbide  and  Carbon  Corporation  flTTB  SO  East  42nd  SftitCT,  New  York  17,  New  York 
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Thordarson 

Meissner 

I 

Radiart 

I 

FOR  SUPERIOR  QUALITY 
ELECTRONIC  PRODUCTS^jaS 

i  FASTER,  BETTER  — MORE  COMPLETE  SERVICE 


Customers  everywhere  are  applauding  the  decision  of  Maguire  Industries,  Inc.  to  sell  these  three  groups  of  out¬ 
standing  electronic  products  from  a  single  sales  source.  They  like  the  convenience,  the  new  high  in  speedy, 
reliable  service.  Try  it  and  you  will  like  it  too.  For  full  information,  write  to  the  address  below  .  .  .  today! 


THORDARSON 


TRANSFORMERS 
TRU-FIDELITY  AMPLIFIERS 


THORDARSON  TRANSFORMERS 
Precision-built  transformers  for  all  re¬ 
quirements  .  .  .  replacement,  com¬ 
munication,  sound  amplifier,  industrial, 
experimental  and  amateur.  Tru-Fidelity 
Amplifiers  with  all  modern  features 
and  improvements. 


MEISSNER 

COMPONENTS 
SERVICE  INSTRUMENTS 

High  quality  components  including 
antenna,  R.  F.  and  oscillator  coils; 
standard,plastic  and  Ferrocart  trans¬ 
formers;  windings, coils,  chokes  and 
accessories.  Service  Instruments  in¬ 
cluding  the  famous  Meissner  Analyst 
and  Meissner  Signal  Calibrator. 


MEISSNER  ANALYST 


RADIART 


VIBRATORS 

VIBRATOR  POWER  PACKS 
RUST-PROOF  AERIALS 


RADIART  VIRRATORS 


Exact  duplicate  Vibrators  designed 
for  long  life,  minimum  R.  F.  inter¬ 
ference,  low  noise  level  and  proper 
starting.  Vibrator  Power  Packs  .  .  . 
efficient,  economical  and  depend¬ 
able  plate  power.  Rust-Proof  Aerials 
newly  designed  to  fit  all  cars;  cowl, 
hood  and  under  hood  types. 
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Electronic  O^Qrts:  engineering  and  production 


The  gadget  above  is  a  junction  box  for  a  co-axial  gas- 
filled  transmission  line.  It  is  one  of  a  series  of  cou¬ 
pling  units,  end  seals  and  other  fittings  for  high- 
frequency  transmission — designed  and  built  by  Lapp. 

To  this  type  of  construction,  Lapp  brings  several 
innovations  and  improvements.  For  example,  such  a 
line  from  Lapp  parts  is  genuinely  leak-proof.  Every 
gasket  is  under  spring  loading,  so  there’s  no  leakage 
created  by  vibration  or  thermal  change. 

Whether  or  not  you’re  interested  in  gas-filled 
transmission  lines,  you  ought  to  know  about  Lapp. 
Here  is  an  organization  of  engineers  and  manufic- 
turers  with  broad  basic  knowledge  of  ceramics  and 
their  application.  With  experience  in  hundreds  upon 
hundr^s  of  special-purpose  electronic  parts,  we 
have  been  able  countless  times  to  improve  perform¬ 
ance,  or  reduce  costs,  or  cut  production  time  through 
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the  application  of  our  specialized  skills  to  design  and 
manufacture  of  parts  involving  porcelain  or  steatite 
and  associated  metal  parts. 

For  quick  and  efficient  assistance  on  a  war  produc¬ 
tion  subcontract — or  for  the  competitive  advantage 
Lapp-designed  and  Lapp-built  parts  will  give  to  you 
in  the  postwar  battle — an  inquiry  to  Lapp  now  may 
pay  youdiyidends.  Lapp  Insulator^..  Inc..  LeRov,  N.  Y, 
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VACUUM  COATING  -  a  Held  to  Explore 


'TT  '^high  vacuum  for  industry 

nationaiAmsearch  corporation 

wa(DiiiiM“ssr® 


The  World  of  Jligh  Vacuum  is  a  vast  new  area.  INo  one  knows 
its  extent  ot  its  resources.  !No  one  can  say  what  opportunities  are 
there  for  your  industry,  but  ^atiotmt  Jleseartb  Corporation  can 
help  you  find  out  as  it  has  helped  many  others.  Jt  can,  for  instatwe, 
iftve  you  expert  guidance  in  the  new  technicfue  of  Vacuum 
Evaporated  Coating. 

Back  in  1892  Dennis  Taylor,  Englishman,  noticed  that  the 
light  transmission  of  optical  lenses  was  improved  by  the  tarnish 
that  they  acquired  with  age.  Nearly  half  a  century  later  Cart¬ 
wright  and  Turner  at  M.  I.  T.,  John  Strong  at  Cal  Tech  and 
Katherine  Blodgett  of  G.  E.,  working  independently,  put 
Taylor’s  discovery  on  a  scientific  basis,  and  the  industrial  t^- 
nique  of  lens  coating  was  born.  A  considerable  amount  of 
publicity  followed,  and  die  public  added  a  new  term,  “invisible 
glass”,  to  its  quasi-sdendfic  vocabulary. 

Lens  coadng  is  the  deposidon  of  a  film  on  the  surface  of 
opdcal  glass  to  improve  either  transmission  or  reflecdon.  Dr. 
Blodgett  applied  a  soap  film  which,  when  adjusted  to  proper 
refracdve  index,  gave  excellent  results,  but  had  little  durability. 

The  Cartwright  and  Turner  method  was  to  deposit  vaporized 
Caldum  Fluoride  or  Magnesium  Fluoride  on  the  glass  in  a 
vacuum.  There  are  other  methods,  but  the  vacuum  deposition 
of  Magnesium  Fluoride  seems  to  be  the  most  sarisfaaory. 

Even  the  most  precisely  polished  optics  reflect  from  49^  to 
6^  of  light  per  surface.  Coating  reduces  this  reflection  to  as 
little  as  one-half  of  1  %.  While  this  im- 

provement  in  transmission  may  be  tSffuuoH  f 

ignored  in  a  single  lens,  it  adds  up  I 

to  an  impressive  total  in  optical  systems  S  I 

having  many  components.  In  fact  the 


relative  improvement  in  a  system  ot  10  components  is  about 
100^  and  with  20,  as  much  as  219%. 

Commercial  lens  coating  is  a  high  vacuum  process,  and  our 
specialization  in  high  vacuum  technique  led  us  naturally  into 
lens  coating  during  1940.  By  1941  we  had  ironed  out  the 
wrinkles  in  the  process,  done  the  first  commercial  lens  coating 
and  sold  our  first  coating  machinery.  Then  came  the  War. 

World  War  II  was  a  war  of  instruments  —  a  war  in  which 
die  last  \%  of  advanuge  in  instrumentation  was  decisive.  Six 
months  after  Pearl  Harbor  the  call  came  to  us  from  the  Navy. 
Periscope  optics  must  be  coated! 

Fortunately  we  were  ready.  Two  weeks  after  we  received  our 
orders  our  men  and  our  equipment  were  coating  lenses  at 
Pearl  Harbor.  Ultimately  we  built  lens  coating  equipment  for 
Navy  repair  ships  all  over  the  world,  and  a  majority  of  all  the 
lenses  coated  for  our  armed  forces  were  done  with  NRC 
equipment. 

The  coating  of  optics  for  both  low  and  high  reflection  will 
probably  become  standard  practice.  And  the  other  commercial 
posstbilities  of  vacuum  evaporated  coating  on  plastics,  fabrics,  metals, 
for  protection  or  orrutment,  are  tremendous.  What  the  process  may 
lead  to  in  your  industry  we  cannot  say,  but  we  believe  that  you 
should  explore  the  ^ew  World  of  Tligh  Vacuum  before  it  becomes 
crowded,  and  we  believe  that  you  would  do  well  to  choose  as  your 
guides  those  who  have  the  experience  and  knowledge — theoretical, 

_  experimental,  and  industrial  —  to  help 

and  economically  to  your 
■VB  BW/7«r  objective.  NATIONAL  RESEARCH 
I  _  CORPORATION,  Boston  15,  Mass. 


Hy  m^inetr  plant  instaUations  and  manufactun  Hi^b  ‘Vacurnn  Qaufis,  Valves,  Seals, 
Diffusion  Pumps,  Stills,  Turnaces,  Coating  £(fulpment  and  Dehydration  £(fuipment. 
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KARP  solves  peacetime 


housing  problems 


All  our  extensive  sheet  metal  fabricating 
facilities  are  now  ready  to  help  you  speed  pro¬ 
duction  of  your  peacetime  products. 

Because  our  specialty  in  both  peace  and  wai 
years  has  been  a  custom-built  service  at  ready¬ 
made  economy,  we  have  no  reconversion  wor¬ 
ries  or  delays.  We  can  serve  you 
immediately—whatever  your  needs 


may  be  in  sheet  metal  cabinets. 


boxes,  enclosures  or  housings 


racks,  panels,  chassis  for  electrical  or  mechani¬ 
cal  apparatus. 

Our  vast  variety  of  stock  dies  is  at  your  service 
to  save  your  time  and  money  . . .  thanks  to  the 
fact  that  our  production  has  never  been  stand¬ 
ardized  or  restricted  to  any  particular  items. 

Tell  us  your  needs.  Get  quotations. 


ANY  SIZE  •  ANY  FINISH 


ANY  GAUGE  •  ANY  METAL 
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31  SERIES 

115  Vol?s,  400  cycles,  1  25  to 
1  100  H.  P.  Weight  of  units  1  5  ox. 
Diam.  1 '■'ii,.  Length  2- ‘  . 


36  SERIES 

D.C.  Voltage  Generators  for  Con¬ 
trol  and  Tachometer  applications 
.  .  .  2  Volts  per  hundred  R.  P.  M. 
Permanent  magnet  field  .  .  . 

oi.  Diameter  2V4  . 


weight,  20 
length  3". 


ALTERNATORS 

Special  Alternators  designed  fo' 
any  application.  20  to  1000 
cycles  up  to  50  watts.  Specialists 
in  permanent  magnet  designs. 


AXIAL  FLOW  BLOWERS 
Numerous  t  ypes  for  60  cycle,  400 
cycle  and  D.  C.  applications. 
170  to  800  C.F.M.  (NEMA  Code) 
65  to  300  C.F.M.  (NAFM  Code). 
Designed  for  use  in  electronic  or 
industrial  equipment. 


TYPICM 

Comeras  and  Pro\ec»ors 
Chort  Recorders 

floor  Fons 

Dispensing  Wachines 

Timing  ApporoW^ 


CENTRIFUGAL  BLOWERS 
Numerous  Types  for  60  cycle, 
400  cycle  ond  D  C.  application 
6  to  110  C.F.M.  For  use  in  elec¬ 
tronic  or  industrial  equipment. 


EASTERN  AIR  DEVICES,  INC 


585  DEAN  STREET  •  BROOKLYN  17,  N.  Y 

■-  Afl.  ~>e  ‘  iHE  FRtO  GOaT  CO^  iN._  ,  fu,  1893 


U  5  VoMs— ^  qrd®* 
Sleeve 

Ouhid®  Diom.  3/16 


.  ,  Fan  cooled 
Outoide  Diom. 


R.P.»^ 
Taoo  6  320^ 
ilSOO  ^ 
1  moo  8s  3600 


TYPt  I 
CopodfoL— 1 

Shod^dl^l 

1  Svnchrono”. 


;20%j730^i/^ 

*  Fon  Appiico**®" 


t-P.M.  I 

go063300_l 

1500  _ 

moo  63600 


TYPt  1 

CoDOdtOf 

Shoded  Pol® 
gynchronom. 


eontinoous  duty, 
r  enclosed.  Owt- 


IlSVoMs— 6 
SaU  Beor'ing 
side  Diom.  T 


•r~R:  p.  M.  \ 
\  1600  6-3200  \ 


~~^/100*.  1/350 

~"i/ioy) 

♦  lirterntW*'’* 


"~"TYPt  _ 

CopodW 

'SSd^d'P^ 

1  Svwdeonmit, 


I  Copodtw  I 
\  Shaded  Po»e| 


Eastern  Air  Devices*  units  embody 
oil  of  the  important  advances  in 
design  and  construction  mode 
during  the  war.  Included  are  such 
features  os:  replaceable  '*cap« 
sule”  bearings,  snap  ring  con¬ 
struction  for  easy  disassembly, 
radically  improved  cooling 
meansi,  inswing  long  life  with 
minimum  size  and  weight,  etc 
Let  us  fit  an  E  A.  D.  unit  to  your 
application. 
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Model  A-81  Cabinet 


The  Jensen  exhibit  will  be  in  Booth  68  at  the 
1946  Radio  Ports  Show  in  Chicago's  Stevens 
Hotel,  May  13th  through  ISth.  Old  and  new 
friends  alike  ore  cordially  invited  to  see  the 
1946  line  of  Jensen  fine  acoustic  equipment. 


full  bass  with  no  boom. 


Write  for  complete  literature. 


Trod*  AAork  Registered 


emen 

SPEAKERS 


JENSEN  RADIO  MANUFACTURING  COMPANY 
A607  SOUTH  LARAMIC  AVENUE  .  CHICAGO  9t,  IlLINOIS 
In  Conadat  Copper  Wire  fredwctt,  Ltd.,  137  Oxford  Street,  Gwelph,  Ontario 


€^n  and t^t(an€tfae/ute  &ine  ^ccu^/ic  S^a/^men/ 


I 
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C  AillTI 


skilled  handset Callite 

HELP  UNITED  ELECTRONICS  MAKE  FINE  TUBES... 


Gdlite,  pioneer  in  tungsten  metallurgy  and  in 
the  processing  of  metallurgical  components^ 
keeps  pace  with  the  exacting  requirements  of 
famous  tube*makers  like  United  Electronics 
Company.  The  United  Type  813  beam  power 
amplifier  is  only  one  of  many  types  manufac¬ 
tured  by  this  company  with  Callite  components. 

The  Type  813  is  a  four-element  tube  for  which 
Callite  supplies  a  multiplicity  of  welds  in  the 
base,  a  Callite  weld  throughout  the  top  for  the 
plate  electrode,  a  Callite  thoriated  tungsten  fila¬ 


ment  and  Callite  filament  tension  springs.  ^ 

Cooperating  with  leading  tube  manufacturers, 
Callite  concentrates  on  assignments  calling  for 
high  skill  and  precision  in  working  with  metals. 
If  you  are  striving  for  new  highs -in  tube  per¬ 
formance  or  developing  new  types,  investigate 
our  specialized  abilities  and  complete  facilities 
for  all  kinds  of  metallurgical  components.  Write 
Callite  Tungsten  Corporation,  544  Thirty-ninth 
Street,  Union  City,  New  Jersey.  Branch  Offices: 
Chicago,  Illinois;  Cleveland,  Ohio. 


JSSSS^ 


'0r 


Hord  glass  loads,  wolds,  fwngston  and  melybdonwin 
wiro.  rod  and  shoot,  farmod  parts  and  othor  com- 
pononts  for  oloctron  twbos  and  incandoscont  lamps. 
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Sweet  music — the  kind  that  makes  satisfied  customers — is 
yours  when  Alliance  phonomotors  drive  your  turntables, 
record  changers  and  recorders. 


Manufacturers,  retailers  and  service  shops  everywhere  like 
to  “make  ’em  move’’  with  Alliance.  That’s  because  Alliance  is 
the  recognized  leader  when  it  comes  to  turning  out  little 
motors  in  large  quantities  at  low  cost. 


For  original  equipment  or  replacement  the  years  have  proved 
that  Alliance  assures  trouble-free  performance  and  long  life! 


THE  NEW  MODEL  80  “Even  speed" 
phonomotor  i$  smooth,  cool  running  and 
quiet.  Larger  bearings  with  ample  oil 
reservoirs  prolong  life.  New  shock 
mountings  almost  eliminate  vibration  of 
motor  and  idler  plate.  Equipped  with 
60  cycle  friction  rim-type  drive. 

NEW  USES  —  For  automatic  and  non¬ 
automatic  electronic  control  devices  and 
the  power  sources  to  actuate  mechanical 
or  push-button  controls,  Alliance  motors 
offer  the  most  practical  engineering 
economy  in  advanced  designs. 


alliance  manufacturing  company  •  ALLIANCE;  OHIO 

ALLIANCE  TOOL  AND  MOTOR,  LTD.,  TORONTO  14,  CANADA 
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DESIGNERS  of  equipment  for  re* 
^  moving  dust  and  smoke  from  air 
by  electrical  precipitation,  look  on 
General  Electric’s  Type  GL-8020  as  the 
ideal  medium«size  rectifier  tube,  chang¬ 
ing  a-c  power  to  high-voltage  d-c  effi¬ 
ciently  and  economically. 

A  high-vacuum  tube.  Type  GL-8020 
provides  greater  rectified  voltages  than 
do  corresponding  gas  or  vapor-filled 
types.  This  is  a  key  advantage  in  elec¬ 
trical  precipitation  work,  where  high 
d-c  potentials  are  necessary  in  order  to 
ionize  the  dust  or  smoke  particles. 

The  GL-8020  kenotron  is  proved — not 
alone  in  industrial  use,  but  as  an  impor¬ 
tant  component  of  wartime  radio. 


Scores  of  thousands  met  the  test  of 
tough  military  service  in  all  theatres. 
Due  to  high-vacuum  design,  this  tube 
is  not  affected  by  external  changes  in 
temperature,  which  means  increased 
reliability  and  utility. 

General  Electric  builds  kenotrons 
with  peak  inverse  voltages  up  to 
150,000  V,  offering  a  wide  choice  to 
meet  your  application  needs.  G-£  tube 
engineers  are  glad  to  work  closely  with 
you,  to  establish  and  supply  the  right 
kenotron  or  other  tube  for  any  circuit. 
Telephone  your  nearest  G-E  office,  or 
communicate  with  Electronics  Depart¬ 
ment,  General  Electric  Company,  Sche¬ 
nectady  5,  N.  Y. 


RATINGS  OF  TYPE  GL-8020 
(for  roctiflor  tervico) 

Filament  voHag*  ....  5  v 

Filamant  currant  ....  6  amp 

Max  anode  ratings: 

peok  inverse  voltage  .  40,000  v 

peok  current  ....  750  mo 

avg  current . 100  ma 


Since  elearical  precipitation  calls  for 
a  relatively  high  d-c  voltage  with  low 
current  drain,  the  GL-8020’s  liberal 
peak  ratings  make  it  practical  to  use 
voltage-doubling  circuits  —  thus 
achieving  economy  through  a  mini¬ 
mum  tube  investment. 


GENERAL  m  ELECTRIC 


FIRST  AND  GREATEST  NAME  IN  ELECTRONICS 
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STRAIGHT 
DOWN 
THE 

ALLEY..  .to  your  problems! 


If  fh*  production  and  maintenance  problems  of  the  elec¬ 
tronics  field  were  pins  on  a  bowling  alley,  you'd  find  many 
you  could  topple  with  one  ball— **dag**  colloidal  graphite. 
The  five  above  are  typical. 

Your  problems,  too,  might  topple  to  that  unique  combina¬ 
tion  of  properties  which  gives  colloidal  graphite 

such  versatility:  slippery,  finely  divided,  soft,  resistant  to 
high  temperatures,  chemically  inert,  pure,  opaque,  a  good 


conductor,  and  capable  of  permanent  adsorption  on  metal 
surfaces. 

All  you  need  do  to  probe  your  possibilities  for  problem¬ 
solving  with  **dag**  colloidal  graphite  is  check  below  the 
bulletins  which  are  "down  your  alley" — or  ask  for  a  call 
from  an  Acheson  technical  man. 


colloidal 

products 


ACHESON  COLLOIDS  CORPORATION,  Port  Huron,  Michigan 


Thu  new  literature  on  “dag**  Volloidal  graphite  is 
yours  for  the  asking: 

[4^  A  data  aed  reference  booklet  regarding  **aec** 


OQTa  oma  rwfmrwm^m  doqkivt  rv^araing  f~) 

colloidal  graphite  dhoersions  and  their  applico-  I  1 
tions.  16  pages  prefnsely  illustrated. 

[— w  facts  about  **deg**  colloidal  graphite  | 
421  I  Ter  ASSEMBLING  AND  RUNNING-IN  I — i 
- '  ENGINES  AND  MACHINERY. 

I AOO  I  facts  about  **dec**  colloidal  graphite  |  I 
L-l££J  as  a  PARTING  COMPOUND.  I— J 

-  ' '  ^  I  facts  about  **das**  colloidal  graphite  I  I 
423  os  a  HIGHTEM^ATURE  LUBRICANT.  I _ I 


ACHESON  COLLOIDS  CORPORATION  jMu>.A.r  t 

PORT  HURON,  MICHIGAN  DEPT.  FF-5 

nsoss  tend  ms  without  obli|atiou,  e  copy  of  soch  of  Ike  beliotiet  chscksd: 


POSITION 


ADDRESS 
ZONE  No.. 


- 1  racts  about  '’aeg*’  coiioiaai  gra-  p-i 

431  phite  for  IMPREGNATION  AND  SUR-  | _ | 

- '  PACE  COATINGS. 

i  I  Facts  about  **deg**  colloidal  graphite  in  the  flELD  |  I 
LZ££J  Of  ELECTRONICS*  U 


OUR  PRESENT  OIL  SUPPLIER  IS _ 

(Lubricants  containing  **deg**  colloidal  graphite  are 
available  from  major  oil  componies.) 
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WESTON  (MODEl  785) 

^  .  INDUSTRIAL  CIRCUIT  TESTER 


'Ti- 

■  •  -  =  ‘  r,  ; 


Provides  27.  carefully  selected  AC  and  DC  voltage, 
current  and  resistance  ranges  on  long  legible  scales. 
"  A  versatile  instrument  for  servicing,  plant  main- 
,tenance  or  laboratory  needs  .  .  .  rugged  and  moder¬ 
ately  priced.  Details  from  your  local  WESTON 
.  representative,  or  direct  from  .  . 


•  for  measurements  in 

Electronic  .  .  Communication  .  .  . 

Sensitive  Relay  Aircraft 

Lighting  .  .  .  Motor  .  .  .  and  Indus¬ 
trial  Control  Circuits. - 

•  Convenient  Accessories: 

Weston  Socket  Selectors,  Model  666 
Weston  Televerter  for  5,000  or 
10,000  Volts  DC,  Model  766 


Weston  ^ 


Weston  Electrical  Instrument  Corp.,  618  Frelinghuysen  Ave.,  Newark  5,  New  Jersey. 

Albsny*AtlsntaBoston*Buffalo-Chicago-CincinMtiClevel«nd*Dallas-Denver*Detroit*Jacl(SonviileKnoxville-Lo$  Angeles-MeridenMinnea|X)lis-Newarfc-Naw' 
Orle8n$-NeeYorfcPhiladelphia-Phoenix*Pittsburgli'Rochester*SanFranciscoSeattle*St.LouisSyracuselnCanada.NorthemElectricCo.,Ltd.,PowerliteDevice$.Ltd., 


V- 


LITTLE  COMPONENT* 


.  .  .  THANKS  TO 

MYCALEX 

THE  "PERFECT"  LOW  LOSS  INSULATION 


The  problem  was  to  mold  insulating  material  of 
exceptionally  low  loss  factor  and  high  dielectric 
strength  into  a  closely  integrated  bond  with  a  metal 
insert  of  high  conductivity.  The  difficulty  was  acute, 
for  both  materials  had  to  have  virtually  the  same 
coefficient  of  expansion  in  order  to  insure  an  effi¬ 
cient  electrical  and  mechanical  seal.  High  resistance 
to  arcing  in  the  insulator  was  also  imperative.  It  had 
to  be  moisture-proof  and  heat-resistant. 

MYCALEX  410  (Molded  Mycalex)  proved  to  be  the 
only  solution  after  many  other  insulators  had  been 
tested  and  rejected  .  . .  because  MYCALEX  has  the 
ideal  combination  of  electrical  and  mechanical 


properties  for  today's  high  frequency  applications. 

Have  you  a  problem  involving  the  sealing  of  high¬ 
est  type  insulation  with  metal?  Are  your  specifica¬ 
tions  particularly  exacting?  More  than  25  years  of 
leadership  in  solving  the  toughest  high  frequency 
insulating  problems  make  MYCALEX  a  "natural" 
to  solve  yours.  Our  engineers  will  be  pleased 
to  cooperate. 

•panel  jack 


jiHCE  ?p/p 


THE  INSUWATOtt 

TQ&M  MA<)I  »CC  U  t  PAT  OTT 


MYCALEX  CORPORATION  OF  AMERICA 

"Owners  of  'MYCALEX'  Patents" 

Plant  and  General  Offices,  CLIFTON,  N  J.  Executive  Offices,  30  ROCKEFELLER  PLAZA  NEW  YORK  20  N  Y 
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uRERS  Of  "^HE  "Q”  meter 
SEQUENT'  GENERATOR 


QX-CHECKER  .  .  FREQUENCY  MODULATED  SIGNAL 

;nd  other  direct  reading  test  instruments 


SIMPLIPIEO  LAYOUT  AND  SCHEMATIC  OF  THE  t60-A  Q-METEH 


THi  BASIC  MfTHOD  OP  MiASURIMfNT  iMHOYBD 
m  THf  160-A  O-METHt 

Alt  B  rcmo*  ILP.^otdBciler  (t)  twppliM  o  iMcivy  current  (I)  lu 
«n  exiretn^y  lew  retlciance  leod  (R),  the  volue  of  whkii 
is  occuralely  knewn.  ^le  ceiibreled  vellase  thus  developed 
ocress  Mie  load  resistance  (R)  is  coupled  to  a  series  circuit 
consistiiHI  of  Hie  inductemee  under  test  (L)  ond  «  coUbroted 
vorieddo  oir  cc^ociter  <Co)f  having  o  vernier  section  (C|). 
When  this  series  circuit  is  tuned  te  resonance  by  means  of 
the  ccqKKitor  <Co4‘  Ci),  the  “Q**  of  the  inductance  under  test 
is  indicated  directly  by  the  vocuum  tube  vehmoter  <V).  VoiicK 
tions  of  this  basic  method  of  meosurement  are  used  to  measure 
inductance,  capacitance  ond  resislonce. 


For  many  years  the  Q-Meter  has  been  an  outstanding  con¬ 
tribution  to  the  field  of  radio  frequency  measuring  equipment. 
It  b  an  indispensible  instrument  to  engn^ers,  manufacturers, 
resedrch  laboratories  and  to  the  whole  radio  and  electronics 
industry.  Because  of  its  simplicity  _and  ease  of  operation,  it 
replaces  many  "costly  pieces  of  apparatus  with  which  the  radio 
laboratory  b^  customarily  equipped.  More  than  one  radio 
engineer  has  told*  us  that  "The  Q-Meter  b  the  most  valuable 
instrument  that  we  have  in  our  laboratory". 


Times  ai 


A  FEW  USES  OF  THE  IBO-A^dRETER 

Q  ond  H^uctoncu  measurement  of  coils. 

Q  and  copodtonce  measurement  of  capacitors. 

Dielectric  and  power  factor  measurements  of  ceramio,  plastics' ond 
other  insulating  materials. 

Measurement  of  dreuit  losses. 

Interelectrode  capacitance  measurements. 

Measurement  of  input  impedance  of  vacuum  tubes. 

Meosurement  of  high  frequency  cable  characteristics. 

Measurement  of  characteristics  of  small  antennae. 

Measurement  of  coefAdent  of  coupling  of  R.F.  Transformers. 
Measurement  of  transmission  line  characteristics. 

The  measurement  of  frequency  wHh  negligible  loading  on  circuit  under 
test  (50  kc— 75  me). 

WrBe  for  eaMog  ond  supplemenf. 


SPECIFICATIONS 

OtdKdor  Freoueecy  Rcmge;  50  kc.  to  75  me  in  S  ranges. 
0$eiSalor  Frequency  Accuroey:  •4’  1%,  50  kc.  —  50  me 
^3%,  some. 75  me. 

Q-Meosuremenf  Range;  Directly  cdlbrated  In  Q,  20-250;  “Mut- 
Hply>Q-By'*  Meter  (I)  cotibroted  in  tenths  from  x1  to  x2,  and 
also  ert  3^.5}  extending  Q  range  te  625. 

Q-Measuremeiit  Accuracy;  Approximately  5%  for  direct  reading 
measurement,  for  frequencies  up  te  30  me.  Accuracy  less  at 
higher  frec|veacies. 

CopoefNiMe  Cofibrafioe  Roage;  Mcrin  copociter  section  (Co) 
30-450  mmf  accuracy  1%  or  1  mmf  whichever  is  greater. 
Vernier  copocHor  section  (Ct)«)*3  mmf,  sere,— 3  mmf,  calibrated 
in  0.1  mmf  steps.  Accuracy  +  0.1  mmf. 


IIS  new 


le  most 


BOONTO 
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lur  Good  Name  is  ”Up  for  Grabs 
Ivery  Time  You  Specify  a  Relay 

This  New  Stepping  Switch  is  Typical 
of  Clare’s  Forward-Looking  Design 


no  matter  how  difficult  and  unusual  they 
may  appear;  permits  choice  of  a  wide 
range  of  contact  ratings  . . .  innumerable 
contact  arrangements  . . .  wide  variety 
of  contact  materials  . . .  coil  windings  to 
match  the  circuit  and  application. 

For  the  tough  job . . .  for  relays  that  must 
operate  reliably  even  under  extreme  con¬ 
ditions  of  temperature,  humidity,  atmos¬ 
pheric  pressure  or  vibration ...  join  the 
thousands  of  design  engineers  that  count 
on  Clare  “Custom-Built”  Relays. 

Clare  sales  engineers  are  located  in  prin¬ 
cipal  cities  in  order  to  cooperate  with 
you  closely  on  new  and  unusual  designs. 
A  fine  new  Clare  Engineering  Data  Book 
awaits  your  order.  Send  for  it  today. 
Address:  C.  P.  Clare  &  Co.,  4719  West 
Sunnyside  Avenue,  Chicago  30,  Illinois. 
Cable  address:  CLARELAY. 


Times  and  products  change.  The  need 
)r  quality  in  every  component  of  elec- 
ically  operated  equipment  is  unchang- 
ig.  That  is  why  thousands  of  relay 
Krs . . .  among  them  the  top  names  in 
merican  industry  . .  .  stake  their  good 
ame  on  the  precise  performance  and 
bsolute  dependability  of  Clare  Relays. 
Tiey  know  a  Clare  Relay  will  never  be 
“weak  link”  in  their  “chain.” 

liis  new  Clare  Stepping  Switch,  like 
n  Clare  Relays,  is  built  for  applications 
at  require  . . .  and  get . . .  the  best  relay 
^■Tormance  .  .  .  performance  that  only 
most  modern  design,  careful  selec- 
of  quality  materials  and  precise 
snufacturing  methods  make  possible. 

lare  “custom-building”  provides  a  flex- 
■'ity  of  construction  that  gives  you  a 
"■ay  exactly  fitted  to  your  requirements. 


nN-POINT,  DIRECT-DRIVE  STEPPING  SWITCH 
WITH  RESET  MAGNET 


A  new  Clare  high  speed  multiple-contact  switch 
for  the  selection  of  any  of  ten  channels  for 
electrical  control  purposes. 

Available  with  one,  two,  or  three  bank  levels. 


Operating  Voltage 


Nominal 


Standard  Test  Voltage 
1000  Volts 


Maximum  Operating  Speed 
35  steps  per  second  on  48-volt  switch  under 
ideal  conditions.  Maximum  on  lower  voltages 
is  lower. 

Release  Time 

0.030  second 


Overall  height  4 'A' 

Width  1  A" 

Length  (from  mounting  surface)  3^* 

Net  Weight 

13  to  19  ounces,  depending  upon  the  number  of 
banks,  off-normal  springs,  coil  windings,  etc. 

Standard  Finish 


Cadmium 


MuHiple  Contq 


'mm. 


SAVE 


“^ir  '  '~V  ^  '  I 


T  many  years 

'''^V'.f*. 

^^^^fotnotic  hos  tnonufoctuFBd 

m*-  Coil's  and^^Trimmers  for  manufacturers. 
Our  mass-production  methods^  smi  r: 

w///  sove  you  money  and  headaches. 

^  Order  your  Coils  and  Trimmers  from 
t  -j  peop/e  who  ''know  how”. 


^vro/n/iric 

MAMi/FAaniHim 

-  ^  Q  »  A  T  I  O  N 


^»»CT,.,  t.llS  t  mu  TII.IIH  CONDtllSHIi 
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Commuttkatiott  TRRnSIIIITTER 
fiflICORIRTK  Frequency  Selection 

and  nEUliST  TETRODE  TUBES 

Designed  for  point-to-point  commercial  service  the  new  Temco 
1000-J6  is  conservatively  rated  at  1  K.W.  output  for  phone  and 
CW  on  6  crystal  controlled  frequencies  from  2  to  20  megacycles. 
Its  most  outstanding  feature— TEMCOMATIC  Frequency  Selection 
representing  a  major  contribution  to  radio  communication. 

This  new,  exclusive  Temco  system  combines  and  improves 
upon  the  best  and  most  desirable  features  of  several  earlier 
automatic  frequency  selection  systems.  The  operating 
mechanism  is  remarkably  simple  and  footproof  in  its 
conceptioti''and  construction.  By  turning  a  selector 
switch  to  the  pre-set  frequency  desired,  switching  is 
accomplished  in  a  second  or  two— automatically  and 
^  dependably.  You  turn  the  switch  .  .  .  the  transmitter 

does  the  rest. 


Paralleling  this  long  sought  for  improvement  is  the 
use  of  the  latest  type  tetrode  tubes  in  the^power  am¬ 
plifier— 2  tyfM  4-250A's.  The  lower  driving  power 
characteristic  of  these  new  tubes  permits  great  sim- 
plificatioii-df  the  preceeding  exciter  stages. 

Servicing,  heretofore  a  serious  and  objectionable 
drawback^of  other  systems,  has  been  reduced  to  a 
negligible  minimum.  The  handsome,  dignified  appear¬ 
ance  of  the  1000-J6  reflects  the  excellence  of  its  elec¬ 
trical  design,  let  us  tell  you  more  about  this  finer 
post-war  transmitter  that  has  everything.  Write  for 


RADIO 


Equipment 


TEMCO  ENGINEERS 
COMPLETE  INSTALLATIONS 
FROM  TRANSMITTER  TO  CONSOLE 

TRANSMITTER  EQUIPMENT  MFG.  CO.,  INC. 

345  HUDSON  STREET  .  NEW  YORK  14,  N.  Y. 
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AUTOMATIC  ELECTRIC’S  CLASS  ”B”  RELAY 

Not  just  2,  3,  or  4— but  all  6  features  in  this  one  great  relay!  That’s  why 
Automatic’s  Class  "B”  relay  is  the  choice  of  so  many  experts  throughout 
America.  That’s  why  you  can  buy  it  with  positive  assurance  that  this 
relay  will  meet  the  most  exacting  requirements. 

Due  to  difficulties  over  which  we  have  no  control,  we,  like  so  many  other 
manufacturers,  cannot  guarantee  delivery  in  terms  of  our  usual  schedules. 
We  believe,  however,  that  you  will  decide  to  wait  for  this  better  relay. 


Ind^pmiidmia  twm  contocfs  for  dmpmadablm  contact 
cloturm . . .  •fflcwnf  magnotic  circuit  for  aoiaitivitY  and 
foph  contact  prottum  .  .  .  uniquo  armaturm  bnaring 
for  long  wnar  undmr  $nvnm  conditions  . . ,  compact 


dosign  for  important  savings  in  spaco  and  woight. 
Aiado  for  coil  vtdtogns  to  300  volts  DC  and 
230  vohs  AC,  with  capacHins  up  to  28  springs/ 
also  with  magnntie-shiolding  covmr,  whon  dosknd. 


The  Closs  "B”  relay,  oad  mony  others,  ore  shown  in  Catolog  4071.  Write  today  for  yo«r  copy. 


AUTOMATIC^  ELECTRIC 

AUTOMATIC  ELECTRIC  SALES  CORPORATION 

1033  WEST  VAN  BUREN  STREET  •  CHICAGO  7,  ILLINOIS 
Ca0tada:  AUTOMATIC  ELECTRIC  (CANADA)  LIMITED,  TORONTO 


PARTS  AND  ASSEMBLIES  FOR  EVERY  ELECTRICAL  CONTROL  NEED 
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Rediice  Assembly 
Costs  vv  ith 


EPMOF 


lock  washer 

CAN'T  COME  OFF 
-BUT  IS  FREE  TO 
ROTATE! 


€re  is  no  need  to  waste  time  and 
oney  putting  lock  washers  on 
ews.  SHAKEPROOF  SEMS  are 
pre-assembled!  * 


No  lock  washers  are  lost  or  wasted! 
Inventories  stay  balanced  because 
lock  washers  and  screws  are  de¬ 
livered  as  a  single  unit. 


otlAKtKKUOP  5EM5  are  easier  to 
handle  . . .  perfect  for  hard  to  reach 
places.  May  be  power  driven  .  .  . 
no  need  to  hold  the  lock  washer. 


I^HAKEPROOF  SEMS  are  available 
n  ail  standard  types  and  sizes  of 
washers  and  screws.  Specials  on 
request. 


The  SHAKEPROOF  LOCK  WASHER 
fits  close  to  the  screw  shank,  pro¬ 
viding  maximum  tooth  contact  and 
greater  locking  power. 


SHAKEPROOF  SEMS  feed  perfectly 
in  hopper  fed  power  drivers.  Com¬ 
bine  positive  vibration  protection 
with  high  speed  production. 


Vrite  us  today  and  ask  for  free 
tST  KIT  No.  23!  It  contains  a 
riety  of  SHAKEPROOF 


arge  va 

for  your  own  testing  purposes. 


■  :  DMitm  •t  ILUHOIS  TOOL  WOMS 

2$t1  Nertii  Keeler  Aveeee»  Chiceie  99,  IIHiieb 
ill  treii  teWre  Are^  L—  Amrlw  M.  €•!.  Mil  1.0>ee41W^5 
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Ceromlc  Trimmers 
Bulletin  695 


Varioble  Resistors 
Bulletin  6^7 


PRODUCERS  OF 


Selector  SsMtches 
Bulletin  722 


Ceramic  High  Voltage  Capocitors 
Bulletin  814 


initials 


CRL”  in  the  diamond 
represent  the  research-laboratory  and 
technical  manufacturing  facilities  of 
Centralab  ....  a  name  outstanding  for 
quality,  precision  and  new  develop¬ 
ments  in  the  held  of  radio  and  electronics. 

Always  Specify  Centralab, 


THBtE  TURN  SOltNOID 
COMBINED  WITH  THREE 
TURN  PANCAKE  COIL 
•  SQUARE  COPPER  TUBING 
SPACED  )7  INCH 


THREE  TURNS  '  •  SQUARE 
COPPER  TUBING  SPACED 
'  1/  INCH 


lEAO  BROUGHT 

through  center 
Of  coil 


LEAD  BROUGHT 
THROUGH  center 

Of  coil 


Your  benefits  from  this  unusual  application  hang 
directly  on  the  fact  that  induction  heating  was  able 
to  uniformly  heat  both  stainless  steel  and  copper 
brazing  material  simultaneously. 

There  were  two  problems: 

1.  To  copper-braze  a  stainless  steel  flange  to 
stainless  steel  pipe  (see  Figure  1). 

2.  To  copper-braze  a  cast  stainless  steel  flange  to 
stainless  steel  pipe  (see  Figure  2). 

The  trick  in  both  cases  is  to  find  a  coil  to  supply 
uniform  heat.  This  is  easier  in  the  first  problem  than 
the  second  because  of  the  varied  thermal  capacities 
of  the  flange,  pipe  and  brazing  material.  The  answer 
for  problem  1:  an  internal  coil  (Figure  1)  placed  so 
the  temperatures  of  both  steel  and  copper  reached 
the  brazing  point  together.  Actual  heating  time  was 
only  23  seconds! 

The  second  problem  (see  Figure  2)  was  handled 
similarly  by  a  coil  partially  in  the  pipe  and  pancaked 
over  the  end  of  the  flange.  Heating  time:  30  to  35 
seconds.  Both  were  done  with  a  Westinghouse 
20  kw  r.f.  generator. 

This  profitable  use  of  r.f.  heating  is  just  one  in  the 
Westinghouse  case  book  of  applications  for  all  types 
of  heat-treating  .  . .  sintering,  annealing,  hardening, 
soldering,  curing,  drying  and  molding.  Write  today 
to  your  nearest  Westinghouse  office  for  all  the  facts. 
Westinghouse  Electric  Corporation,  P.  O.  Box  868, 
Pittsburgh  30,  Pa.  fowa 


Figure  1.  Work  eoil  w  problem  1  (below,  left). 


Rgure  2.  Work  coil  for  problem  2  (above,  right). 


HERE’S  FREE  HELPFUL  INFORMATION 

oa  both  induedon  and  dielectric  headng  .  .  • 
their  principles  and  theories;  where  to  ose  them;  how  to  select  them; 
actual  case  histories  of  their  use.  Write  today  for  jrour  copy,  on  your 
business  letterhead,  please.  Ask  for  B-3620. 
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"Precision"  is  the  new  word  that  has  been 
added  to  our  logotype,  but  Precision  is  not  ^ 
new  on  our  production  lines.  Our  new  name  had 
its  origin  in  these  production  lines  where  skill 
in  quantity  and  precision  in  volume  set  brand 
new  standards  for  the  manufacture  of  high  precision 
production  parts. 

Yes,  the  word  "Precision"  is  now  in  our  name.  "Pre¬ 
cision"  is  guaranteed  by  the  skilled  Jack  &  Heintz 
associates  on  our  production  lines.  And  you'll  find 
precision  performance  in  all  of  these  Jack  &,Heint2 
products... built  precisely  for  the  aircraft,  automotive, 
machine  tool,  home  appliance,  marine,  farm  equip¬ 
ment  and  transportation  industries. 


J  &  H  Aircroff 


Generators 


AIrcr 
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J  &  H  Froctionol 
Horsepower  Electric  Motors 
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HEARING  AID  MICROPHONE 


Another  step  forward  in  the  fight  against  deafness — Tibbetts’  Industries 

a ' 

new  crystal  microphone.  Developed  especially  for  hearing  aids,  this 
improved  unit  features  an  output  more  than  3  decibels  greater  than 
ev^  li^lil^^Pialf  ^  much  again! 


The  new  Diabow  Monobar  Crystal  Unit 
gives  smooth,  clear  response  with  low 
harmonic  distortion.  Metal  clad  diabow 
construction  gives  superior  ruggedness 
and  excellent  moisture  proofing.  It  is  de¬ 
signed  to  fit  your  present  hearing  aid. 


With  the  trend  to  compact,  low  voltage 
amplifiers  and  self-contained  batteries, 
this  microphone  will  keep  the  output 
^■m  level  up  to  requirements. 


Not  just  “another  microphone,’’ 
it  represents  a  gigantic  stride 
forward  in  the  hearing  aid  field 
—  a  truly  superior  product. 


TIBBETTS  INDUSTRIES,  INC 

CAMDEN,  MAINE 


Mod«^  HA-24  TIBBETTS  Hearing  Aid  Mi- 
crojAtooc  in  diameter  (1^"  over  flantte). 
thick. 


CRY5TAt 


Licensed  under  TibheUs  Laboratories^  Inc.  Patents 


Jaaa  —  ELECTRONICS 


"P 

M€. 


Advertising  isn’t  our  game  —  or  yours. 
But  both  of  us  know  millions  are  spent  to  put 
a  name  or  a  slogan  across.  Million  dollar  appro¬ 
priations  help !  But  we  know  of  a  surer  way  —  a 
way  that  costs  a  lot  less  —  to  sell  a  name. 

TNI  lOIA  IS  MODUCT  DEPENDABIUTY 

Don’t  pass  over  those  words  lightly.  It  isn’t  a 
catch  phrase.  It  gets  your  product’s  name  re¬ 
peated,  favorably,  among  housewives  and  busi¬ 
ness  men  —  the  people  who  buy.  It  gets  the  name 
repeated  frequently,  on  order  pads.  It  rings  up 
cash  registers. 

Product  dependability  starts  at  the  bottom.  It 
starts  with  the  tiniest  component.  And  that  de¬ 
pendability  is  something  we  sell  with  every  C-D 
capacitor.  Why.^  Because  we’ve  been  at  it  longer. 
B^ause  we  have  produced  more  capacitors.  Be¬ 
cause  we  have  greater  engineering  and  produc¬ 
tion  facilities  than  anyone  else  in  the  held.  Keep 
that  in  mind  when  your  plans  call  for  capacitors. 

CONSULT  WITH  OUR  ENOINEIRS 

Your  requirements  can  be  handled  at  C-D  with 
greater  efficiency  and  speed.  Cornell  -  Dubilier 
Electric  Corporation,  ^uth  Plainheld,  New 
Jersey.  Five  other  plants  located  in  New  Bedford, 
Providence,  Brookline  and  Worcester. 
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NOTE  TO  DESIGN  ENGINEERS- With  all  the  advan- 
vantages  of  the  Lewis  AT-257  (4E2 7)  —  enormous  power 
gain,  great  circuit  flexibility— the  new  AT-257C  has  a  ’’plus’* 
factor  you  will  be  interested  in.  The  addition  of  Zirconium 
coating  to  the  anode  has  enabled  Lewis  Electronics  to  re¬ 
announce  this  versatile  75  watt  beam  pentode  in  the  125 
watt  class. 

By  nearly  doubling  the  plate  dissipation  of  the  4E27,  the 
usefulness  of  this  already  popular  tube  is  further  extended. 
May  we  recommend  that  you  consider  the  use  of  the  Lewis 
AT-257C  in  fixed  or  mobile  radio  equipment  you  are  now 
designing?  A  note  to  Lewis  Elearonics,  Los  Gatos,  Cali¬ 
fornia,  will  bring  further  particulars. 


Lewis  Electronics  at  Los  Gatos, 
California,  is  prepared  to  build 
transmitting,  rectifying,  indus¬ 
trial  or  special  purpose  vacuum 
tubes  to  your  specifications. 


filament  Voltage  5  Volts  Plate  Dissipation  125  Watts 


filament  Current  7.5  Amps.  Jumbo  7-pin  Metal  Sleeve  Bayonet 
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NOW  AVAILABLE  IN 
SIZES  UP  TO  500  MCM 
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.  when  Adlake  Relays  are  on  the  joh! 


Yes  .  .  .  with  an  Adlake  Relay  handling  the  control  job,  you  can 
sit  back  and  relax.  Because  Adlake  Plunger-type  Mercury  Relays 
are  dependable  and  tamper-proof! 

Control  is  fully  automatic.  No  servicing  or  periodic  cleaning  needed. 

Contacts  hermetically  sealed  in  metal  or  glass  cylinder — not  affected 
by  dust,  moisture,  or  temperature! 

Mercury-to-mercury  contact  —  no  burning,  pitting,  or  sticking. 
Positive,  noiseless,  chatterless,  and  arcless! 

Armored  against  impact  and  shock — use  for  either  stationary  or 
moving  equipment! 

There’s  an  Adlake  Plunger-type  Mercury  Relay  for  every  job!  Send 
today  for  interesting,  free  bulletin.  All  types  described  in  detail. 
No  obligation. 


HOW  ADLAKI  tILAYS  WOAK 


ZEROIZED— Con  C  pote  pHingw  P  down  into 
wiorcury  M.  Motcury  thus  dispIcKod  onlors  Hiim- 
Uo  T  Hwoogh  oriflco  O.  Inorf  gas  in  thimUo 
groduoMy  otcopos  tlirough  coramic  plug  CP. 


Morcury  now  Mis  thimUo  T,  is  complotoly  kvolod 
off  and  morcwry-to-moTCwry  contact  ostaUishod 
botwoon  oloctrodos  E  and  EE.  Dogroo  of  porosity 
of  coramic  plug  CP  dotorminos  timo  dolay. 


The  Adams  &  Westlake  Cdhpahy 

ESTABLISHED  IN  1857  ELKHART,  INDIANA  NEW  YORK  .  CHICAGO 

Manufacturers  of  Adlake  Hermetically  Sealed  Mercury  Relays  for  Timing,  Load  and  Control  Circuits 
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WHEN  ElECTROMie  ASSEMBIIES 
need  repair.  Will.  YOUR 

COMPONENTS  CHECK 


yj 
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performance  of  components,  and  low  maintenance 


You  can  best  insure  against  premature  fail¬ 
ures  of  capacitators,  trimmer  condensers, 
spaghetti  tubing,  laminated  plastics  for  tube 
socket  bases,  and  precision  fabricated  spacers 
for  vacuum  tub^  by  specifying  the  most 
suitable  insulating  materials.  Tlmt  is  where 
experience  enters  in — the  kind  of  experience 
Mica  Insulator  Company  has  gained  after 
years  of  recommending  and  supplying  insu¬ 
lation  for  electronic  components. 

For  example,  vacuum  tube  performance 
depends  hurgely  on  accurately  punched  fila¬ 
ment,  grid  and  plate  spacers.  When  neces¬ 
sary,  hole  sizes  and  spacings  can  be  held  to 
toleranc^  of  +.00025.  This  means  reduced 
rejects  in  manufacture  and  better,  longer 
performance  in  the  field. 

If  you  are  making  components  that  require 
the  insulation  to  be  sealed  in,  you  can  be 
sure  that  the  Mica  and  Micanite  we  supply 
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Electrolytic  condens¬ 
er  benefits  from  the 
exceptional  insulating 
properties  of  mica  and 
Lamicoid. 


Lamicoid  combined  with  various  grades 
of  rubber  can  be  supplied  for  use  as  end 
seals  on  electrolytic  capacitators. 


Lamicoid  laminated  plastic  can  be  used  for  rachet 
gear,  contact  spacers,  and  coil  ends  on  such  elec¬ 
tronic  products  as  this  adding  and  subtracting 
relay,  made  by  Guardian  Electric  Mfg.  Co. 


will  be  dependable.  These  materials  have  high 
dielectric  strength,  uniform  dielectric  con¬ 
stant,  and  do  not  readily  deteriorate  under 
heat  and  adverse  climatic  conditions. 

For  small  terminal  boards,  tube  sockets, 
ignition  systems,  switches,  coil  forms,  etc., 
you  can  obtain  from  us  Lamicoid  laminated 
plastics  of  all  types.  Lamicoid  is  available  in 
sheet,  rod,  or  tube  forms  for  a  wide  variety 
of  electrical  and  mechanical  applications. 
Laminates  and  rubber  combing  are  also 
available  for  end  seals  on  capacitors  and 
similar  applications. 

You  can  obtain  from  us  unbiased  sugges¬ 
tions  for  your  insulating  material  require¬ 
ments  because  we  carry  a  complete  line  of  all 
types  of.,  materials.  Recommendations  are 
based  on  over  50  years  practical  experience. 


Trimmer  condensers  maBe  by 
Underwood  Electric  Manuf%^ur- 
ing  Company  utilize  mica  toin- 
sure  dependable  performance  of 
thfi  finished  electronic  assemblies. 


797  Broadway,  Dept.  22,  Schenectady  1,  N.  Y. 

SALES  OfnCES:  Bottom  2BS  Colwmbwt  Avowoo  •  Chicago:  600WottVan  Bwroii  Stroot  •  ancinnoti:  3403  Hoxolwood  Avonwo*  Oovotond:  1276  Wotl 
3rd  Stroot  •  DotroH:  Book  Boilding  •  Howtton:  Bokoring,  Inc.,  1020  Houston  Avoihm  •  Now  York:  200  Vorick  Stroot  •  St.  Louis:  4SS  foul  Brown  Boilding 
Trionglo  PocMc  Company  at  Los  Angolot:  340  Azusa  Stroot  •  Son  Francisco:  1045  Bryant  Stroot 
FABRICATORS:  Lamicoid  Fobricotors,  Inc.,  3600  Fotomoc  Avonuo,  Chicago,  III.  •  Insulating  Fabricators,  Inc.,  69  Orovo  Stroot,  Wotortown,  Most. 
Insulating  Fabricators,  Inc.,  12  East  12th  Stroot,  Now  York  City  •  Bokoring,  Inc.,  1020  Houston  Avonuo,  Houston  10,  Toxas 


Mica  Insulator  Company, 

797  Broadway,  Dept.  22,  Schenectady  1,  N.  Y. 

Gentlemen: 

(  )  Please  rush  my  copy  of  your  new  four-page  bulletin  on  Micanite 

Insulation. 

(  )  Enclose  price  list. 

(  )  Please  have  your  application  engineer  see  me  when  in  my  vicinity, 

Nsme  _ _ _ 


Positioi 


Company. 


Address. 
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TZe  titat 

PUT  OUT  MORE  PRODUCTION  •  •  •  WITH  LESS  WASTE  I 


a4t  ffour  Service  • . . 

ALLEGHENY  LUDLUM'S 
FILM  LIBRARY 

Instructional  films  on  tool  and 
stainless  steels — some  in  full 
color,  all  with  sound— aTailable 
for  free  showings  on  request. 
NEW — **Manufacture  of  Dies” 
16  mm.  400  ft.  in  length,  re¬ 
quiring  about  15  minutes  to 
show, — in  sound  and  full  color. 

FOR  DETAILS  mA  BOOKINGS 

MOBESS  DEFT.  1-42 


'T*H£  Special  high-alloy  steels  take 
more  Ifoowing  than  ordinary 
materials,  that’s  sure.  But  they  also 
give  you  more — so  much  more  that 
their  uses  have  taken  one  of  the 
steepest  upward  climbs  of  any  class 
of  materials  in  recent  years. 

Electric  furnace  steels  are  on  the 
march.  Our  principal  special  steel 
products — corrosion  and  heat-re¬ 
sisting  alloys,  tool  and  die  steels, 
electrical,  valve  and  nitriding  steels 
are  products  which  o£fer  you  the 
greatest  future  promise. 

As  pioneers  and  originators  in 
these  fields,  we  have  the  data  your 
engineers  and  designers  need,  and 
the  working  information  for  your 


shopmen  to  handle  special  steels 
well  and  speedily.  Let  us  help  you. 

if 

ALLEGHENY 

LUDLUM 

STEEL  CORPORATION 

General  Offices 
Pittsburgh  22,  Penna. 


W&D  9332  F 
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AW  CONMTIONINO 


Tronsform^rt  f^rt  Constant  Voltago  •Cold  Cothod*  Lighting  •Morcury  lamps •  Snrios  lighting  •  FKioroscont  Lighting  •X-Ray  Equipmont  •  Luminous  Tube  Signs 
OR  Burner  ignition  •  Radio  •  Power  •  Controls  •  Signol  Systems  •  etc  SOLA  ILICTRIC  COMPANY,  3S25  Clybourn  Avenue,  Chkoge  14,  llUnoU 


CONSTANT  VOLTAGE  for  heme  equipment  made 

possible  by  this  low-cost  transformer 


With  this  transformer  maintaining  op¬ 
erating  voltage  within  =^1%  of  rated 
requirements,  regardless  of  supply  line 
fluctuations  as  great  as  30%,  trouble- 
free  operation  of  your  equipment  be¬ 
comes  a  reality. 

Here  is  what  can  be  accomplished  by 
building  this  Sola  Constant  Voltage 
Transformer  into  your  equipment. 

1.  Increased  efficiency. 

2.  Lowered  cost  to  the  user. 


3.  Reduced  maintenance  expense. 

This  Type  11  Sola  Constant  Voltage 
Transformer  is  designed  specifically  for 
such  domestic  applications  as  heating 
and  ventilating  controls,  FM  and  tele¬ 
vision  receivers,  refrigeration  and  air 
conditioning  controls  and  other  similar 
products  where  stable  voltages  must  be 
maintained.  Like  all  Sola  Constant 
Voltage  Transformers,  regardless  of  size 
or  capacity,  it  operates  automatically. 


has  no  moving  parts,  and  requires  no 
supervision. 

Type  11  is  just  one  of  31  standard 
types  in  capacities  ranging  from  lOVA 
to  10,000VA  that  are  available  to  manu¬ 
facturers  of  all  types  of  electrically 
operated  equipment.  Special  units  can 
be  built  to  your  exact  specifications. 
Sola  engineers  are  available  for  a  dis¬ 
cussion  of  your  problems. 

Wrffo  for  now  Handbook 

A  complete  treatise  on  the  subject 
of  voltage  stabilization.  It  pro¬ 
vides  the  answer  to  a  prol^m 
that  confronts  every  manufac¬ 
turer  or  user  of  electrically  op¬ 
erated  or  electronic  equipment. 

AW  for  BvMeHn  DCV-1 02 
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...WITH  THIS  NEW  LINE  OF 
SMALLER,  LIGHTER,  ENERGY- 
STORAGE  CAPACITORS 


High-speed  flash  photography 
Light-metal  welding 
Electronic-timing 
devices,  etc. 


A  complete  new  line  of  light-duty  G-E 
Pyranol*  capacitors  is  now  available  for  flash  pho¬ 
tography  apparatus,  light-metal  welding,  and  similar 
applications  requiring  economical  energy  storage, 
fast  discharge  and  service  reliability.  Their  small  si?e 
and  light  weight  will  help  designers  reduce  the  size 
of  such  equipment. 


This  hash  photo  was  made 
possible  by  G-E  capacitors. 


Max. 

D-C 

Volt* 


Muf 


Waft/S«c 


Haight  Over  No.  of 

Terminals  Termi*  Net  Wt. 

in  In.  nal*  Lb. 


4 19/32 

7 

7 

13  1/8 
7 

13  1/8 

12  7/8 
5  1/2 

13  1/8 

12  7/8 

13  1/8 


5  7/44 
8  1/4 
8  1/4 
15  1/8 
8  1/4 
151/8 
15  1/8 
4  3/4 
15  1/8 
14  5/14 
14  5/14 


by  8 


C5  1/8  by  13  1/2 


04  1/8  by  13  1/2 


ELECTRIC 


PRIPIRRID  RATINGS 


-Prranol  is  G.E.'s  trade  name  for  askarei,  a  notiinflammable  liquid  dielectric. 


25 

50 

25F903 

40 

80 

25F910 

25.5 

80 

25F911 

40 

270 

14F312 

17.8 

100 

25F912 

25/50 

200/400 

14F309 

100 

800 

14F311 

10 

100 

24F872 

25/50 

313/425 

1  4F305 

55 

1200 

14F31  3 

25 

413 

14F314 

BASE  DIMENSIONS  (IN.)  A3  3/4  by  4  9/14 


GENERAL 


home  and  industrial  welders  of  light  metals.  Careful 
construction,  quality  materials,  and  skillful  design 
contribute  to  long  life  and  efheient  operation. 

The  accompanying  table  lists  preferred  ratings  which 
can  be  promptly  shipped.  For  further  information  on 
these  ratings  or  on  designs  for  special  operating 
conditions,  advise  us  of  your  problem  through  Appara¬ 
tus  Dept.f  General  Electric  Company ^  Schenectady  5,  N.  Y. 


The  high  dielectric  constant  of  Pyranol  and  its 
high  dielectric  strength  provide  outstanding  electrical 
characteristics.  Ambient  temperature  operating  limits, 
at  rated  voltage,  range  from  0  to  50  C  and  the  capaci¬ 
tance  tolerances,  measured  at  25  C,  are  =*=  10  per  cent. 
The  performance  of  these  compact  units  has  been 
thoroughly  proved  by  several  years  of  laboratory 
tests  and  actual  operating  experience  in  the  field. 

G-E  light-duty  energy  storage  capacitors  are  made 
in  a  wide  range  of  ratings  to  fit  practically  every 
requirement  of  high-speed  flash  photography  as  well  as 
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Investigators  from  James  O.  Peck  Co., 
industrial  research  authorities,  are  visiting 
a  number  oi  remesentative  fdants  to  get 
authentic  FACTS  on  assembly  saving. 
Get  the  “INSIDE  STORY"  oi  successful 
assembly  practice  —  reed  his  iact-filled 
reports! 


“When  we  used  slotted  screws,  we  had  plenty  of  trouble 
with  drivers  slipping  and  puncturing  the  pressed  wood 
panels  we  use  by  the  thousand  for  inside  trim,”  a  Pull¬ 
man  assembly  executive  told  the  investigator.  “This 
meant  removing  and  discarding  the  panel,  replacing  and 


hand-painting  —  to  the  tune  of  several  dollars  per  skid. 
Phillips  Screws  ended  driver  skids.  But  that’s  only  one 
way  they  pay  off. 

“Where  the  heads  show  in  the  finish  they  look  better. 
They  don’t  have  to  be  lined  up,  like  slotted  screws,  which 
means  they  can  be  set  up  tighter  to  resist  vibration. 

“Railroads  like  them  because  they  can’t  be  loosened 
by  passengers  with  coins  or  nail  files  like  slotted  screws 

—  to  tear  clothes  and  cause  damage  claims.” 

REPORT  TELLS  MORE  PHILLIPS  ADVANTAGES 

The  investigator  asked  Pullman  the  same  questions 
you  would  ask  about  assembly  methods.  The  report 
tells  you  the  complete,  revealing  answers. 

It’s  one  of  a  series  of  assembly  studies  covering  all 
types  of  products  —  metal,  plastics,  wood  —  being  made  to 
show  how  the  many  Phillips  Screw  advantages  add  up 
big  savings  you  can  make  in  your  assemblies. 

The  reports  now  ready— and  more  to  come  — com¬ 
prise  a  practical  manual  of  modem  assembly  methods  — 
never -before -printed  information  —  in-  W 

side  facts  you’d  pay  good  money  to  get  m 

—  and  you  can  have  them,  now,  FREE! 


Find  out  how  industry’s  top-flight 
assemblers  licked  problems  like 
your  own!  Get  these  reports!  Don’t 
wait— fill  out  and  mail  the  coupon 
TODAY! 


WITH 


preiacti 


PHILLIPS  SCREW  MFRS., 
e/o  Horton-Noyes 

2300  Industrial  Trust  Bldg.,  Providence,  R.  I. 

Please  send  me  the  reports  on  Assembly  Savings 
with  Phillips  Screws 


Pawtucket  Screw  Ce. 

Pheoll  Manufacturins  Ce. 

Readiiif  Screw  Ce. 

Rusacll  Burdsall  &  Ward 
Bolt  &  Nut  Ce. 

Seevill  Manufacturiac  Ce. 
Shakesreof  lac. 

Tka  Seutkiastoa  Hardware  Mff.  Ce. 
TN  Steel  Coatseay  ef  Caaada.  Ltd. 
Sterllas  Belt  Ce. 

Welveriae  Belt  Coaisaay 


Aaierieaa  Screw  Co. 

Atlaatic  Screw  Works  Jf 

Atlas  Bolt  A  Screw  Ce. 

Ceatral  Screw  Ce. 

Ckaadlor  Products  Cerp. 

Coatlaoatal  Screw  Co.  Maaufaeturors  Screw  Products 

Cerbla  Screw  DIv.  at  Milford  Rivet  aad  Machiaa  Ce. 

AaMricaa  Hdwe.  Carp.  Natloaal  Lack  Ce. 

Tke  H.  M.  Harper  Ce.  Natloaal  Screw  A  Mfs.Co. 
lateraatleaal  Screw  C*.  New  Caslaad  Screw  Ce. 

Laaisoa  A  Sessions  Ce.  Parker- Kalon  Corporation 


Name 


Company. 


Address 
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The  precision-built  DeJur 
11/^^  Meters  are  doing  a 
man-sized  job  on  many 
applications  where  space 
must  be  conserved. 

DeJur  EXTERNAL 


PIVOT  construction  gives 
maximum  accuracy —  re¬ 
duces  pointer-rocking,  and 
wear  on  bearing  surfaces 
— ^greatly  lengthening  the 
life  of  the  instrument. 

Exlvtnal  Pivot  Iwtomol  Pivot 

(At  UMd  by  DvJUR)  (No*  Utod  by  OoJUR) 


in  a  wide  line  of  models  for  many 
electronic  and  general  electrical  ap- 
plications.  They  are  electrically  and 
mechanically  engineered  to  meet 
the  precise  requirements  of  electri- 
cal  manufacturers. 

The  11  Watt  Model  275  (illus- 
trated)  is  typical  of  DeJur  Poten- 
tiometers.  Rugged  yet  light  in 
weight,  it  is  built  to  give  outstand- 
ing  service  under  the  most  severe 
operating  conditions. 

^■H^WRITE  FOR  THE  LATEST  DeJUR  CATALOG 
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SILENT  SENTINELS  OF 

CONTINUOUS  RESEARCH  ^ 

> 

These  bottles  are  but  a  small  portion  of  the  4,632 
which  have  passed  through  our  laboratory.  Each 
represents  a  part  of  a  continuous  series  of  chemical 
research— responsible  for  attaining  and  maintaining 
the  quality  of  Audiodiscs. 


For  the  leadership  of  Audiodiscs  is  the  result  of 
exhaustive  experimental  woric,  plus  the  most  exaa> 
ing  quality  controls  known  to  the  recording  industry. 

★  ★  ★ 

Recently,  to  add  still  further  to  our  research  fadli- 
ties,  we  greatly  expanded  our  laboratory.  Today, 
our  research  engineers  are  constantly  exploring  new 
materials  and  methods,  in  order  to  further  improve 
recording  fidelity  and  broaden  the  field  of  sound 
reproduction. 


ciiifttfycltTcy 


Audtodiscs  are  manufactured  in  the  US,  A,  under  Exclusive  License  from  La  Socieie  des  Vernis  Pyrolac—Prance 


AUDIO  DEVICES/  INC*/ 444  Madison  Ave.*  New  York  22*  N.Y. 


G  A 


I  DG  ET  CAP  AC  I  IPC 


Still  twisting  insulated  wires  together  to 
form  inefficient,  makeshift  ’’girnick”  low 
value  capacitors?  * 

Stackpole  GA  Capacitors  cost  no  more  in 
the  long  run.  Even  more  important,  they 
bring  you  outstanding  advantages  in  terms  of 
greater  stability,  higher  Q,  better  insulation 
resistance  and  higher  breakdown  voltage. 


In  addition,  they  are  mechanically  superior 
and  eliminate  the  undesirable  inductive  char- 
acteristic  common  to  twisted  wires.  Sturdily 
molded,  with  leads  securely  anchored  and 
tinned,  they  are  widely  used  in  circuits 
similar  to  those  illustrated.  Standard  capac¬ 
itors  include  0.68;  l.O;  1.5;  2.2;  3.3 
and  4.7  mmfd.  with  tolerances  of  ±20%. 


flecfromc  ComponiiH  Divhion 

STACKPOLE  CARBON  COMPANY,  St.  Marys,  Po. 


FIXED  and  VARIABLE  RESISTORS  •  INEXPENSIVE  SWITCHES 
IRON  CORES  .  COIL  FORMS  •  POWER  TUBE  ANODES  .  BRUSHES  AND  CONTACTS  •  ALNICO  II 
,  RHEOSTAT  PLATES  and  DISCS  .  ANODES  and  ELECTRODES,  ETC. 
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KA  Signal  Generators  for  u-h-f  j 


These  signal  generators  may  just  fill 
the  bill  for  some  of  your  ultra>high- 
frequency  development  work. 

The  Type  TIO-A  provides  an  r-f  sig¬ 
nal  of  a  known  frequency  and  ampli¬ 
tude  for  easily  obtaining  the  data 
needed  to  check  the  performance  of 
high-frequency  devices.  This  instru¬ 
ment  provides  smooth  and  complete 
attenuation  throughout  its  range,  plus 
precision  frequency  control. 

Output  frequency:  370  to  560  mega¬ 
cycles — just  right  for  citizen’s  radio¬ 
phone  and  other  experimental  and 


laboratory  work  within  these  fre¬ 
quencies.  Output  voltage:  2  microvolts 
to  0.09  volt.  Amplitude  modulation 
available:  400  cycles  +  5  per  cent,  at 
modulation  of  50  per  cent  maximum. 
Controls  are  provided  for  adjusting 
the  carrier  level,  modulation,  attenua¬ 
tion,  and  frequency. 

The  Type  734-A  has  been  widely 
used  for  testing  and  adjusting  radar 
equipment.  It  will  prove  an  accurate 
and  handy  device  for  testing  any  equip¬ 
ment  within  the  following  band: 

Output  frequency:  1 200  to  3  7  50  mega¬ 


cycles  or  2  5  to  8  centimeters.  Output 
voltage:  1  microvolt  to  0.2  volt.  Tube 
complement:  one  707-B — r-f  oscillator, 
one  6J5  —  synchronizing  amplifier, 
one  884 — pulse-rate  oscillator,  one 
6SN7-GT— multivibrator,  one  6AG7 
and  one  6AC7— pulsers,  two  6AC7 — 
voltage  controls,  one  6J  5— shaper,  one 
6AG7— keyer,  two  6X5G  and  two 
5Z4— power  rectifiers,  fourVR- 1 50-30 
— regulators. 

These  signal  generators  are  avail¬ 
able  for  immediate  shipment — as  long 
as  stock  lasts. 


I 


rmsr  mmo  MeAsumno  touiRMtuT  ■ 

RADIO  CORPORATION  j 

of  AMERICA  I 

I 

rrooucts  omnutTMmitT  ■ 

CMMOtM.  R.J.  Ib 


PLACE  YOUR  ORDER  NOW! 


Radio  Corporation  of  Amorico 

Dopt.  30-F,  Tost  A  Moosuring  iquipment  Soctlon 

Comdon,  Now  Jorsoy 

Please  reserve . (no.  of  units)  Type . RCA  signal 

generators  pending  additional  technical  and  price  infor¬ 
mation  from  you.  We  are  interested  in  using  these  instru¬ 
ments  for  the  following  application: 


Name_ _ Title_ 

Company _ 

Address _ 

City _ Zone _ State. 
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DIFFERENCE 

tos  Insulation 


PERMANiNTLY 
AGE  RESISTANT 


It’s  the  silky  but  tough  fibres  of  heatproof,  fire 
proof,  age-resistant  asbestos  that  put  performance 


protection  into  Rockbestos  wires,  cables  and  cords. 
Tliey  actually  armor  them  against  baking  heat, 
sub-zero  cold,  oxidation,  rotting  fumes,  oil, 
grease,  moisture  and  even  flame  with  an  insulation 
that  is  practically  indeMructible! 

This  permanent  insulation  gives  you  w'ires  that 
guarantee  the  dependable  operation  of  your 
product  under  any  condition  it  may  have  to  work 
under.  The  impregnated  non-deteriorating  asbes¬ 
tos  fibres  form  a  felt-like  wall  that  prevents  viire- 
failures  because  it  doesn’t  become  hard  or  lose 
flexibility  with  age.  High  operating  or  ambient 
temperatures  won’t  bake  it  out  or  cause  it  to  flow. 
It  won’t  rot  when  in  contact  with  oil  or  grease  or 
w'hen  exposed  to  corrosive  fmnes.  And  it  elimi¬ 
nates  fire-hazard  because  it  won’t  bum  or  carry 
flame. 

'These  failure^prerenting  characteristics  are  typical 
of  every  wire  in  the  Rockbestos  line  which  in¬ 
cludes  Firewall  Hookup  wire  illustrated  above, 
space-saving  multi-c*onductor  cables,  switchboard 
wires,  motor  lead  and  powder  cables  and  many 
others.  Write  for  recommendations  or  a  catalog. 


m 


OIL  AND  GREASE  |  RESISTS  HEAT 
RESISTANT  I  AND  OXIDATION 


I  /  c>/ 

I  m 


ROCKBESTOS  PRODUCTS  CORP. 

4aa  Nkoll  St.,  N*w  H«vm  4,  CoiMi, 


NEW  YORK  BUFFALO  CLEVELAND  CHICAGO 
PITTSBURGH  ST.  LOUIS  LOS  ANGELES  SEATTLE 
SAN  FRANCISCO  PORTLAND.  ORE. 
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For  better  performance  and  longer  life!  ML*" 892 


OOliRAL  CHAftACTOISTtCS 
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Maximum  freqeeacy 
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plate  — .............. 

27 
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Here  is  another  outstanding  example  of  Mochletfs  ability  to 
apply  to  the  design  and  manufacture  of  high-power  triodes 
its  unique  skills  acquired  in  the  manufacture  of  X-ray  tubes. 
Remember,  those  skills  were  developed  through  almost  50  years 
of  X-ray  tube  production— and  an  X-ray  tube  presents  manufac¬ 
turing  problems  of  the  greatest  severity  in  the  electron-tube  art. 
Machletfs  ability  to  solve  those  problems  has  resulted  in  making 
it  the  largest  producer  of  X-ray  tubes  in  the  world.  Note  these  fea¬ 
tures  of  the  ML-892: 


Sectional  view  of  the  MI-889-A.  showing 
features  typical  of  Mochlett  external 
anode  tube  construction. 

A.  Gold-plated  contact  surfaces 

B.  Rugged  Kovar  grid  and  filament  seals 

C.  One-piece  high-conductIvity  copper  grid 
and  filament  support  leads 

D.  Rigidly-supported  grid  and  filament  os- 
semblies 

L  Surgically-clean  internal  parts 

F.  Rugged  Kovar  plate  seal 

G.  One-piece  anode  and  shield 


•  1.  Heavy  Kovar  eections  for  grid  and  plate 
seals,  insteod  of  feotfier-edge  copper.  Re¬ 
sult— greatly  hscreosed  mechanical  strength. 


Mochlett  techniques  which  prevent  contami¬ 
nation  by  foreign  porticles,  assuring  perma¬ 
nent  outgassing. 


2.  Grid  assembly  supported  by  heavy  Kovar 
cup,  for  strength  ond  stable  inter-element 
spacing. 

3.  Filament  ossembly  greatly  strengthened 
to  increase  life  ond  preserve  correct  spacing. 

4.  All  intemol  ports  processed  by  special 


5.  Tube  pumped  by  unique  Mochlett  con¬ 
tinuous,  straight-line,  high-voltage  process, 
assuring  same  high  standards  maintained 
in  Mochlett  high-voltage  X-ray  tubes. 

e  e  e 

For  complete  details  of  this  greatly  im¬ 
proved  tube,  write  Mochlett  Laboratories, 
Inc.,  Springdale,  Connecticut. 


ITS  ^YEARS  OF  ELECTRON  TUBE  EXFERIERCE 
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•  •  •  can  save  you  vntold 
time,  expense,  trouble 


•  Ingenuity,  imagination,  versatility,  adaptability,  coupled 
with  sound  engineering  practice,  add  up  to  Aerovox 
"Know-How." 

Of  course  Aerovox  has  an  outstanding  line  of  standard 
capacitors— paper,  oil.  electrolytic,  mica  and  low-loss  ultra- 
high-frequency  types.  A  wide  range  of  requirements  are  met 
with  such  a  variety  of  listings.  But  Aerovox  can  also  meet 
most  extraordinary  needs  with  special  types  that  do  not  have 
to  be  billed  at  usual  special  prices.  Here's  why: 

A  tremendous  variety  of  cans,  terminals,  insulators,  mount¬ 
ings  and  production  processes  at  the  disp<»5al  of  Aerovox 
engineers  enables  Aerovox  to  make  up  special  types  quickly, 
readily,  inexpensively.  So: 

Bear  in  mind  Aerovox  "Know-How"— and  save  untold  time, 
expense,  trouble. 

•  Ihr  ns  on  ihai  capacitance  problem. 


"f  <*»•  l.l»l-.|r 
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One  or  one  million  pieces,  big  or  little, 
your  best  bet  on  technical  ceramics  is 
American  Lava  Corporation.  For  sokjII 
quantities  the  experimental  department 
is  geared  for  prompt  service.  For  large 
quantities  you  command  special  tech¬ 
niques,  equipment  and  experience  found 


only  at  American  Lava  Corporation. 

Your  request  will  bring  property  charts 
which  give  physical  characteristics  of 
the  more  frequently  used  AISiMag  com¬ 
positions.  if  your  requirement  demands 
special  or  unusual  characteristics,  the 
developmental  laboratory  may  find  ex¬ 
actly  those  characteristics  in  its  research 
records,  or  develop  them  quickly  for  you. 


That*  large,  thim  wolhJ,  ceil  lormt  (mocfciitarf  (• 
clot*  foloroneatl  ora  on  tMomph  of  Amoriran  lava 
Corporotfon  erafttmoothip  in  tochnieol  eoramict. 


t  n  L  S I M  n  G 


AMERICAN  LAVA  CORPORATION 


iNGINURING  SnVKt  OFFICES: 

Sr.  touts.  Mo..  1I3S  Wotfcington  Aro^  Tof,  GorfMd  49Sf  •  NtWARK.  N.  i..  1013  Win  IMg.,  Tol:  MUchoN  3-0159 
CAAURIOCE,  Mom..  30-0  BrotHo  $K  Tol,  KiHthod  449B  •  CHICAGO.  9  S.  Clinton  Sl^  Tol:  Cootnl  1731 

SAN  fBANCISCO.  163  S««onO  Si.,  Toll  Doughi  3464  •  tOS  ANCEIES.  334  N.  Son  fmlro  St.,  Tol:  Mwtool  9076 


Original  Award  July  tT,  1943 
Saeond  Award  fobruary  IS,  1943 
Third  Award  Soplontbor  3S,  1943 
fourth  Award  May  37, 1944 
filth  Award  Dacambar  3, 1944 


THE  MARK  OF 


EXCELLESCB 


KENYON  PREDICTS  that  the  small  additional  cost  of  "specials’'  will  be 
more  than  offset  by  the  superior  product — streamlined  to  lit  each  manu* 
facturer’s  requirement. 


THIS  ACHIEVEMENT  is  a  tribute  to  the  skillful  engineering  ability  of 
the  Kenyon  Pioneers  who  have  maintained  a  leading  place  in  the  devel* 
opment  of  outstanding  transformer  equipment. 

WE  INVITE  INQUIRIES  from  manufacturers  of  electronic  and  other 
types  of  equipment,  and  from  industrial  and  commercial  users  of  trans¬ 
formers. 


KEHYON  TRANSFORMER  CO.,  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 


ELECTRONICS 


WE  SPECIALIZE  IH 


FOR  NEARLY  20  YEARS.  the  Kenyon  Transformer  Company  has  done 
an  outstanding  job  of  satisfying  the  demand  of  large  manufacturers  for 
"special  units"  to  fit  exactly  their  most  critical  needs,  with  the  same  care 
that  other  manufacturers  could  provide  items  of  their  standard  catalog 
lines. 


HUNTER  PRESSED  STEEL  COMPANY 

Lansdale,  Pennsylvania 
SPRINGS  •  METAL  STAMPINGS  •  WIRE  FORMS 
MECHANICAL  AND  ELECTRICAL  ASSEMBLIES 


it’s  the  X- Dimension  that  saves 
tempers,  costs,  customers 


^The  sets  of  Hunter  springs  y«»u  see 
here  force  up  the  bottle  platforms  of 
a  beverage  bottling  machine.  Lift 
finder  springs  used  to  l>e  single,  e<Jge 
wounfi  from  flat  wire  to  reduce  the 
possibility  of  buckling  and  rubbing 
on  piston  and  cylinder.  It  wa.**  cost¬ 
ly  Her.  It  lacked  certain  needed  p 
i  erties.  The  nature  of  dtsign 
H  stres.setl  and  broke  the  .«»prin 
the  machine  had  tt»  be  held 
time-wasting  replacements. 

^  •  Hunter  came 


w  ithin-a-spring  design.  Now  an 
inexpensive  flat  wire  inner-  ‘ 
spring  prevents  buckling  and 
take.s  piston  wear.  A  round  music 
wire  compression  spring  shoulders 
most  of  the  load.  Down  went  repairs! 
I'p  went  cu.stoiner  satisfaction. 

This  is  a  kind  of  service  you  can't 
blueprint,  but  it*s  there  in  Hunter 
s  the  X-Diniension  .  . 


pnngs. 

more  than  you  bargained  ft>r  .  .  .  in 
springs.  Make  sure  you  and  your  cus¬ 
tomers  get  it  for  real  satisfaction. 


a  spring 


/ 


Ct^away 
Viawof 
Hell  pot 


valuable  panel  space  and  assem* 
bly  time,  but  you  greatly  increase 
the  convenience,  utility,  simplicity 
and  operating  efficiency  of  your 
electronic  instruments.  Note  these 
outstanding  Helipot  features... 


No  matter  what  type  quality 
electronic  instrument  you  may  be 
manufacturing  or  preparing  to  man¬ 
ufacture,  be  sure  to  investigate  the 
multiple  advantages  you  can  build 
into  your  product  by  using  Beckman 
Helipots  for  resistance  control.  War- 
perfected  on  such  uitra-precision  elec¬ 
tronic  equipment  as  radar,  flight  con¬ 
trol  instruments,  depth  sounding 
devices,  etc.,  the  Beckman  Helipot 
mokes  possible  entirely  new  stand¬ 
ards  of  accuracy,  convenience  and 
compactness  in  resistance  controls. 

Unlike  conventional  potentiometers 
which  consist  of  a  single  turn  of  slide  wire, 
the  Helipot  has  many  turns  of  slide  wire 
hetkat/y  coiled  into  a  compact  case  that 
occupies  no  more  pane/  space  than  a 
cony^nthnal  single  -  turn  potentiometer. 
The  slider  contact  is  rotated  by  a  knob 
in  the  usual  manner  and  a  simple  device 
guides  the  slider  contact  as  the  krK>b  is 
rotated  so  that  the  entire  helical  length 
of  resistance  winding  can  be  contacted. 

Its  advantages  are  many. 

Heretofore  circuits  requiring  precise  con¬ 
trol  coupled  with  wide  range  have  gen¬ 
erally  required  at  least  two  potenti¬ 
ometer  units— one  for  coarse  adjustment 
and  the  other  for  fine  adjustment.  This 
means  two  knobs  to  operate. . .  two  con¬ 
trols  to  waste  panel  space. . .  two  units  to 
complicate  installation  and  wiring.  In  the 


Beckman  Helipot  both  wide  range 
and  fine  adjustment  are  combined 
in  the  one  unit.  There  is  only  one 
knob  to  operate . . .  one  unit  to  take 
up  panel  space . . .  one  control  to  in¬ 
stall  and  wire.  You  not  only  save 


for  ulfrfr  "  ^ 

longtTslif 


porentiometCT  slide  w"*  “ 


WM«  Sang*  «f  SlsM-Currwit  Helipot  production  it  in  two  botic  tizot.ooch  ovoiloblo  in  a  wido 
rang*  of  ratings.  Th*  Typ«A  H*lipot  b  l^^in  diameter  and  it  available  in  ten  or  fewer  turns  of  slid*  wire. 
The  ten  turns  provide  a  slid*  wire  46V^''long. 

Th*  Type  B  Helipot  is  3"  in  diameter  with  15  turns  of  slid*  wire  os  standard,  but  b  avaRabl* 
with  either  fewer  or  more  turns  on  order.  Th*  IS  turns  give  a  slid*  wire  140Vi'‘  long. 

Resbtonce  windings  con  be  supplied  in  virtuoHy  any  commercially  ovaHobl*  type  of  resistance 
wire  for  both  Type  A  and  Type  B  so  thot  total  resistance  values  for  Type  A  rang*  from  100  to  30,000 
ohms. ..for  Type  B  from  650  to  100,000  ohms. 


SEND  US  YOUR  POTENTIOMETER  PROBLEM  and  our  •ngingtring  staff  will  ha 
glad  to  work  with  you  In  applying  Holipot  advantagos  to  incroato  tho  officioncy, 
accuracy  and  convonionco  of  your  quality  oloctronic  instrumonts. 


THE  HELIPOT  CORPORATION,  1011  MISSION  STREET,  SOUTH  PASADENA  2,  CALIFORNIA 


Jam  f>M  — ELECTRONICS 


Abetter  portable  playback— compact,  easy  to  carry,  simple  to  set  up. 

The  remarkably  clear,  wide  range  of  reproduction— far  superior 
to  what  is  ordinarily  expected  of  a  portable  playback— makes  it  a  favorite 
with  broadcasting  stations  and  advertising  agencies  who  demand  top 
performance  in  demonstrating  recorded  programs  to  prospective  clients. 

Model  L  plays  6  to  16"  records,  78  or  33V3  R.P.M.,  on  a  12"  rim- 
driven  turntable.  Standard  equipment  includes  high  quality  16"  pickup 
on  a  swivel  mounting  which  folds  into  a  case  when  not  in  use,  four 
stage  amplifier,  8"  loudspeaker  with  20'  extension  cable,  and  a  Presto 
Transcriptone  semi-permanent  playing  needle.  For  use 
on  110  volts  AC  only. 

The  complete  equipment,  in  an  attractive  ^ 
grey  carrying  case,  weighs  only  46  lbs.  HI*! 


RECORDING  CORPORATION 

242  W«st  SSth  Str««t,  New  York  19,  N.  Y. 
WALTlk  P.  DOWNS,  LTD,,  in  Canada 


WORLD'S  LARGEST  MANUFACTURER  OF  INSTANTANEOUS  SOUND  RECORDING  EQUIPMENT 
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EL 


ft  ■  ff 


TELEVISION 

ONE  PIECE  SOCKETS 

DIHEPTAL 

MAGNAL ■ 


SERIES  60  MOLDED  OCTAL 


.  .  and  for  general  purposes,  the  Series  39  Socket,  with  patented 
bow^spring  action  contacts  (with  or  without  a  soldering  tab  to 
eliminate  wiring  to  ground)  is  the  favorite  of  ail  time. 
Automatically  machine  made,  tens  of  thousands  are  being  delivered 
to  the  radio  industry  to  enable  peak  production  of  standard 
receivers.  The  millions  in  use  give  testimony  to  its  being  the  favorite 
.  socket  of  pre  and  post  war  receivers. 


MANUFACTURING  CORP. 

175  VARICK  ST.,  NEW  YORK  14,  N.  Y. 


coMPOMfMrs  .Lltlfil  ll.xiAll^ U I i 

'  V.'  A.  W.  FRaNKIIN  Wfg.  Corp.  of  CAllFORWA,  2214  W*»f  T  t  •«  S» .  lot  Ang*(M  «,  CoRf. 

‘TERMINAL  STRIPS  •  PLUGS  '  SWITCHES  •  PLASTIC  FABRICATION  •  METAL  STAMPINGS  •  ASSEMBLIES 
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A  BETTER  35TG 


The  famous  Eimac  35TG  VHP  tube,  with  its  low  inter- 
electrode  capacitances,  its  logical  terminal  arrangement, 
its  lack  of  internal  hardware,  /s  further  improved.  It  now 
has  a  non-emitting  grid,  an  improved  filament,  and  a  cooler 
operating  plate.  These  improved  elements,  the  result  of 
wartime  developments  in  manufacturing  technique,  are 
being  incorporated  in  many  Eimac  tubes  and  are  consist¬ 
ently  resulting  in  vastly  increased  life. 

The  35TG  is  a  power  triode  of  wide  applicability.  It 
will  function  as  a  Class-C  oscillator  or  amplifier,  or  as  a 
Class-B  audio  or  supersonic  amplifier,  and  in  such  service 
will  give  excellent  performance,  due  to  its  stability  and 
low  driving-power  requirements. 

Longer  operating  life  is  but  one  of  the  many  advantages 
afforded  by  Eimac  tubes.  It  will  pay  you  to  keep  informed... 
see  your  nearest  Eimac  representative  today,  or  write  direct. 


Follow  the  leaders  to 


EITEl-McCULLOUGH,  INC. 
1229E  Son  MIoleo  A ve.,  San  Bruno,  Calif. 

Plant  lecattd  of:  San  Bruno,  California 
Export  Agents:  Prozor  and  Hansen,  301  Cloy  Street,  Son  Francisco  11,  Californio,  U.  S.  A 


OF  DEPENDABILITY  IN  ANY  ELECTiR'ONIC 


EQUIPMENT 


EIMAC 

35TG 

POWER 

TRIODE 


ELECTRICAL  CHARACTERISTICS 

Filament:  Thorioted  tungsten 

Voltage .  5.0  volts 

Current .  4.0  amperes 

Amplification  Factor  (Average) .  39 

Direct  Interelectrode  Capacitances  (Average) 

Grid-Plate .  1.8  uuf 

Grid-Filament .  2.5  uuf 

PI  ate- Filament .  0.4  uuf 

Tronsconductance  (>b=  100  ma.,  Eb=2000  V., 

Ee=-30V.) .  2850umhos 

Frequency  for  Maxigiyp]  Ratings  1(X)  nsc 


CALL  IN  AN  EIMK  REPRESENTATIVE  llTFORllliriON 


ROYAL  J.HIGGINS(W9AtO).600S. 
Michigan  Ave.,  Room  818,  Chicago 
5,  Illinois.  Phone:  Morrison  5948. 
VERNER  O.  JENSEN,  CO.,  2616 
Second  Ave.,  Seattle  1,  Washing¬ 
ton.  Phone:  Elliott  6871. 

M.  8.  PATTERSON  (W5CI).  1124 
Irwin-Keosler  Bldg.,  Dallosl, 
Texas.  Phone:  Centrol  5764. 


ADOLPH  SCHWARTZ  (W2CN),  220 
Broadway,  Room  2210,  New  York 
7,  N.  Y.  Phoney  Cortland  7-0011. 
HERB  BECKER  (W60D),  1406  S. 
Grand  Ave.,  Los  Angeles  15,  Cali¬ 
fornia.  Phone:  Richmond  6191. 
TIM  COAKLEY  (W1KKP),11  Beacon 
Street,  Boston  8,  Massachusetts. 
Phone:  Capitol  0050. 


tfOU  t&Cit  MALLORY 

€Ui  t^CAC  finoductA^? 


Mallory  products  cover  a  wide  territory  —  and  so  does  the 
Mallory  technical  information  that  backs  them  up.  Both  are 
supreme  in  their  field.  Both  are  important  to  the  business  you  run. 
If  any  of  the  publications  listed  at  the  right  are  not  in  your  Engineering 
Library,  contact  your  Mallory  representative.  He’ll  be  glad  to  make 
you  up  a  special  portfolio. 


; ; ;  and  hacks  them  up  with 
all  this  technical  data  .  •  • 

Approved  Precision  Products  Catalog 
Electrical  Contact  Catalog 
Electrical  Contact  Data  Book 
Capacitor  Catalog 
AC  Capacitor  Data  Folder 
Grid  Bias  Cells  Data  Folder 
Heavy  Duty  Rectifier  Catalog 
RN  Resistor  Data  Folder 
Radio  Interference  Eliminator  Folder 
Radio  Service  Encyclopedia 
Resistance  Welding  Catalog 
Resistance  Welding  Data  Book 
RL  and  RS  Switch  Data  Folders 
Technical  Manual 
Replacement  Vibrator  Guide 
Vibrator  Engineering  Data  Folder 
Vibrator  Data  Book  (in  preparation) 
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Prongs  lock  socvrolyi 


Ji/STA  ^ 
Pi/ju /tA/£>  r//£y 
/oc^rasr/iy  / 


THESE  COSTLY 


THE,  FASTER 


SPEED  NUT 


OPERATIONS 


WAY! 


ELIMINATED! 


0^  00^ 

For  Plastic  or  Diecast  Products 

with  Pushott  SPEED  NUTS 


MO 

F  M  M  T  g  M  T  T  a  I  M  € 
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SNAPIS  AND  SIZIS 


*  TrW*  «*••*  tcy.  U  S.  OM. 


Staff  Spoad  Nut  with 
thumb  and  fingar. 


Push  down  over  stud 
with  countmrsunk  tool. 


If  you  assemble  plastic  or  die  cast  parts,  the  use 
of  Push-on  Speed  Nuts  will  enable  you  to  elimi¬ 
nate  expensive  inserts,  tapping  and  threading 
operations.  Just  zipping  a  Push-on  Speed  Nut 
over  an  unthreaded,  integrally  molded  stud  will 
give  you  a  vibration-proof  fastening  with  a 
spring  steel  bite  that  stays  put.  •  Use  Push-on 
.  Speed  Nuts  for  fastening  plastic  or  metal  name 
plates,  knobs,  handles,  trim  strips,  medallions, 
dials,  bezels,  grilles  euid  scores  of  other  parts 
that  must  be  fastened  quickly  and  inexpen¬ 
sively.  Holds  equally  well  over  rivets,  wires, 
nails  and  tubing.  •  You  can  do  it  faster,  better 
and  cheaper  with  a  Speed  Nut  or  Speed  Clip 
Give  us  your  assembly  details  today  and  we 
will  send  you  samples  to  fit  your  job.  A  cost  analy¬ 
sis  doing  it  the  Speed  Nut  way  will  amaze  you. 

TINNERMAN  PRODUCTS,  INC. 

2106  FULTON  ROAD  •  CLEVELAND  13,  OHIO 

In  Canada:  Walloc.  Barn.s  Co.,  Ltd.,  Hamilton,  Ontario 
In  England:  Simmond*  A.roc.ssori.s,  Ltd.,  London 
In  Franc.:  Aorocostoiros  Simmonds,  S.  A.,  Poris 
In  Awctraliat  Simmonds  A.roc.ssori.s,  Pty.  Ltd.,  M.lbowrn. 


No  mor.  insurts  in  plastics. 


No  mor.  tappad  hohs 
in  plastics. 


No  drilling  and  tapping 
in  dim  castings. 


Esfoblished  1895  ..  Manufacturers  of  Laminated  Plastics  since  1911 — MNNM’ili  1  ()  •  1 1  h  I  \  W  A  IW 


KX-45 


■ - 

^  ®^dSheets, 

Kods«>d^;,„ed  o« 

uy  salted  J»btie»te^^auioaf 

losul*oo®*  Cbe«d<^_®g^^.  Molded  to  SP*“ 


Ever  stop  to  think  how  important  electric  generators  and  motors  have 
become  to  **our’*  World?  Practically  every  convenience  we  enjoy  .  .  . 
the  eflfectiveness  of  our  War  Effort . . .  the  assurance  of  a  fully  employed 
postwar  World  . . .  depend  on  electric  generators  and  motors. 

C-D  MICABOND . . .  mica  electrical  insulation  . . .  helps  keep  these 
generators  and  motors  running. 

Generator  and  Motor  manufacturers 

S  specify  C-D  MICABOND  because  it 

provides  them  with  the  **perfect  insula¬ 
tion”— MICA— in  usable  forms.  C-D 
MICABOND  sheets,  tubes,  rings,  seg¬ 
ments  and  other  shapes  are  provided  by 
bonding  mica  splittings  with  insulating 
resins.  For  complete  technical  and  me¬ 
chanical  data  send  for  Bulletin  ”M”. 


losul*oo®* 


Molded*  to 

BoUeoat^  oa  *11  C-D 
heoslt*  ^,ido»l  0»- 

log*»***^ 


NEW  YORK  17  • 

SPARTANRURG,  S.  C. 


DISTRICT  OFFICES 

CLEVaAND  14  •  CHICAGO  II 

.  •  SALES  OFFICES  IN  PR»4aPAL  OTMI 


WEST  COAST  REPRESOfTATIVES 
MARWOOD  LTD.,  SAN  FRANCISCO  8 

• 

IN  CANADA* 

DIAMOND  STATE  FWRE  CO.  OF  CANADA.  LTD,  TORONTO  • 


in  your  Motors 
and  Generators 
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SCOVILL  GOT  THE  JOB. ..AND 
THE  CUSTOMER  GOT  A  SAVING! 


Proof  ~39  of 
SCOVILL  skill 


SCOVILL  Manufacturing  Company 
Waterville  Division 


WATERVILLE  48,  CONN 


TEL.  Waterbury  3-3151 


woi  Wdl»$ign0d  to 


Liere's  still  another  case  where  SCOVILL  "know  how"  paid  off  in  a 
substantial  saving  for  the  customer.  And  it  could  be  that  there's  a 
saving  for  you  in  your  fastenings  problem  as  well. 

The  part  at  the  left  in  the  illustration  is  the  pre-Scovill  one.  A  screw 
and  a  clip  had  to  be  made  and  soldered  together.  A  wire  was  then 
inserted  in  the  clip  and  soldered  there  .  .  .  costly  soldering  operations 
both  in  manufacture  and  assembly. 

The  manufacturer  of  this  "filterette",  a  radio  static  suppressor,  brought 
the  headache  to  SCOVILL.  The  one-piece  washer  screw  assembly  to  the 
right  was  the  result— and  the  answer.  One  soldering  operation  was  elim- 
inated  —  and  the  insert-and-solder  part  of  the  assembly  operation  was 
reduced  to  a  simple  soldering  job.  The  final  box  score  was  a  stronger 
fastening  —  faster  assembly  —  a  neat  overall  saving. 

It  may  be  that  folks  sometimes  get  tired  of  hearing  about  SCOVILL 
"know  how",  but  we  have  yet  to  meet  the  man  who  was  tired  of  profiting 
by  it.  Talk  over  your  problem  with  one  of  the  offices  below  —  perhaps 
we  can  help  you  too. 


NEW  YORK,  Cliytlw  BWMkw  .  DETROIT.  1480  IMtval  Avwm  •  CHICAGO,  135  SMrtI  LaSiRt  StrNt 
SYRACUSE,  Syracwt  RNVWIasiraictBWMIn  LOS  ANGELES,  2627  SMrth  Soft  Strait 


PITTSBURGH,  2882  W.  LMr  Aw. 
SAN  FRANaSCO,  434  BrawM  Strett 
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American  Time  Products,  Inc 

o80  Fiftli  Ave.  INrw  ^  ork.  N.  ^ 


signed  to  test,  measure  or  control 
other  precision  equipment  by  me* 
chanical,  electrical  accoustical  or 
optical  means. 


These  tuning  forks  which  include 
new  engineering  principles,  pro¬ 
vide  frequencies  from  120  to  1,000 
cycles  directly  with  an  unquali¬ 
fied  guarantee  of  accuracy  to  1 
part  in  100,000  over  a  wide  tem¬ 
perature  range.  (Better  than  1 
second  in  24  hours).  Closer  tol¬ 
erances  are  obtainable  on  spe¬ 
cial  order. 

These  tuning  fotl^  assemblies  are 
available  only  in  single  or  multi¬ 
frequency  instruments  of  our 
own  manufacture  which  are  de- 


TOP 

FRJE^ESCY  STANDARD 
(60  cycle)  for  use  with 
extermai  power  supply 


The  dependability  of  these  fre> 
quency  standards  is  being  dem¬ 
onstrated  for  myriad  purposes 
in  all  climates  and  under_all 
working  conditions., 

If  you  have  need  for  low  fr& 
quency  standards  of  exceptional 
accuracy,  your  inquiries  arc  in¬ 
vited. 


OENTER 

CHRONOGRAPH 
Records  time  mtervab 
mbb  rescdettiom  to  Ml  second 


BOTTOM 

FREQUENCY  STANDARD 
(120  cycles)  with 
self<omtmmed  power  supply 


JuM  ELECTRONICS 


f 


LESS 

AIR  DRAG 


Drvriopod  by  Bendix  enfrinoors  to  increase  aero¬ 
dynamic  ediciency,  the  type  M.\-60.\  Iron-Core  I^iop 
rediK'es  air  dra^;  to  only  2.57  pounds  at  300  mph.  liseof 
the  iron  ct>re  p<‘rmits  rtHliiclion  in  size,  while  retaining 
the  signal  pickup  efficiency  of  larger  loops. 

Ml  moving  parts  are  hermetically  sealed  in  dryi 
nitrogen,  eliminating  oxidation  and  minimizing  innia^ 
lenan<‘e  prohlem.s.  The  Type  \l.\-60.\  loop  assurtjfe 
thousiiiids  of  hours  of  trouble-free  operation.  ^ 

A  low-inertia  a-c  induction  motor  rotates  the  Icm. 
A  »*omhined  quadrantal  error  corrector  and  “Autosw” 
transmits  corrected  bearings  accurately  to  a  rn^ie 
indicator  T  " 

A  streamlined  phenolic-impregnated  anti-itatic 
housing  is  available  for  belly  or  top  mounting.  ^ 

Write  for  new  brochure,  “Toward  .Automatic 

•  INDIX  RADIO  DIVISION,  SALTIMORI 


BENDIX  RADIO 


Imencon  Develops 

I  lestiiiq  Machines 
ind  Methods 

to  insure  that  you  get 

UCAM  PHIUIPS  SCREWS 

e  Right  Design  for  Your  Job 


Make  American’s  Engineering  Research 
Laboratory  your  own  Information  Center'*  on 
any  fastening  problem.  Find  out,  according 
to  your  own  job-requirements,  what  combi¬ 
nation  of  type,  size,  head,  metal,  and  finish 
will  give  you  the  American  Phillips  Screw 
that  will  do  your  job  at  highest  speed,  at 
lowest  cost,  with  most  lasting  satisfaction. 

American  engineers  will  determine  for 
you  the  answers  to  questions  on  metallurgy, 
physical  strengths  of  metals,  heat-treatment, 
heat-resistance,  corrosion-resistance,  electro¬ 
lytic  action,  suitability  of  diflferent  plates  and 
finishes,  on  the  basis  of  actual  test.  And  in 
these  answers  you  will  find  extra  savings  to 
add  to  the. regular  American  Phillips  ad¬ 
vantages  of  fast,  easy,  straight  driving  with 
power  drivers  .  .  .  vanished  spoilage  losses 
.  .  and  total  time-savings  that  can  run  as 
high  as  50%.  Write: 


AMERICAN  SCREW  COMPANY,  PROVIDENCE  1,  RHODE  ISLAND 

Chkogo  11:  St9  C.  IWiiols  Str*«t  Dm9roH  2:  S02  St*ph*nsoii  MMkif 


AMERICANlnm 

PHILLIPS^giSllI 

■  CM  b^cc) 
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THI  ttvrdy,  uncomplicoted 
construction  of  tho  VMF 
Pumps  (shown  in  tho  X«roy 
viow)... their  versatility.*, 
the  variety  of  sixes  avail- 
able,  air-  or  water-cooled 
. . .  their  wide  speed  range 
...all  factors  for  efficient 
production  of  high-vacuum 
recommend  this  series  for 
both  industrial  and  labo¬ 
ratory  use.  Priced  from 
$45  to  $175  net  f.  o.  b. 
Rochester,  N.  Y. 


:V 


i  : 


.7  ■'  'v*  „  , 
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^  Vacuum  Equipment  Division 


DISTILLATION  PRODUCTS,  INC. 

Rochester  13,  New  York 
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CHIEF  of 

u  ^  been  struggli^  ^  eoodjagHS.' 

DELIVERIES,  here  ia  t__- 

high  prices  an  posslU-e 

U)1IEBED  prices  an  cholcea, 

W  Daductora,  ate. 

fiitera,  rectlfiera,  po  „,„Hantcal  and 

(2)  BISffiS_SSij^^*|„„ponent  parta. 

olec^iic-nShl^S^^^’  Jm.  and  BAKELltE)  - 

^3) 

fron  aheeta,  r^  t 

form^,  engraved. 

^  be  gratified  Ferranti 

You  wiJ-^  freely  know 

yBRRANTl  QUALlTie* 

PRICES* 

Very  truly  yo«ra, 
tebrahti  electric,  ^ 

Vice  Preaident 


FERRANTI 

FOR 


i  ^ 
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Every  product  that  enjoys  the  full  confidence  of  those  who  use  it  has 
its  “priceless  ingredient."  In  Bliley  crystals  it’s  “techniquality." 

Cutting,  grinding,  and  finishing  alone  do  not  transform  raw  quartz 
into  a  sensitive  frequency  control  device.  Behind  these  operations 
there  must  be  a  background  of  technical  skill  and  creative 
engineering  that  is  gained  only  through  years  of  experience. 

Bliley  cry’stals  have  a  reputation  for  “techniquality" 
that  started  fifteen  years  ago.  Today,  the  fact  that  Bliley 
crystals  are  used  in  practically  every  phase  of  radio 
communications  is  tacit  proof  that  leading  engineers  have 
found  it  is  best  to  specify  Bliley  “techniquality”  crystals. 

Bulletin  27  describes  the  crystal  units  engineered  for  the 
needs  of  today.  Write  for  your  copy. 


Y\, 


m 


\ 
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BLILEY  ELECTRIC  COMPANY  •  union  station  building,  erie,  Pennsylvania 
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For 


CRITICAL  ELECTRONIC  WORK 


A  outfit  immUttun  mow  m  mse  m  EJectromic  devices. 


•  ••USE  Fused  Quartz  Insulators 


O  Fused  quartz,  both  clear  and  translucent,  is  manufac¬ 
tured  by  the  General  Electric  Company  in  rod,  tubing 
and  ingot  form.  This  material  can  also  be  fabricated  into 
functional  shapes  to  meet  most  individual  requirements. 

For  engineering  service  on  your  specific  problem,  write, 
Lamp  Department,  General  Electric  Company,  Div.  84, 
Nela  Park,  Cleveland  12,  Ohio. 


Oaly  Fascd  Quartz  Hos  AH  Tlwse  ClNinicttristics 

stands  high  temperature  •  high  resistance 
to  thermal  shock  •  low  power  loss  •  low 
surface  leakage  •  high  dielectric  strength  • 
non-hydroscopic  •  stands  high  current 
flashovers  without  failure  •  high  crushing 
strength  .  .  . 

con  be  mocbmed  to  occurote  tolerances. 


GENERAL 


ELECTRIC 


Jmm  ELECTRONICS 


WITH  ALL  THESE 
ADVANTAGES  .  .  . 


The  UPPER  threads  of  the  Huglock 
nut  press  inward  against  the  boH. 


The  remaining  threads  of  the  Hug- 
lock  nut  have  slight  clearance  at 
their  lower  flanks  and  frictional 
contact  on  the  load-carrying  flanks. 


1  One-piece  construction — reduces  assembly 
time  and  avoids  possible  failure  to  install 
supplemental  locking  medium. 

2  S^-locJdng  action — the  Huglock  Nut 
grips  the  bolt  threads  and  maintains  locking 
effect,  whether  seated  or  not,  on  the  load- 
carrying  flanks  of  the  threads. 

3  Axial  thread  play  eliminaJted — Huglock 
Nuts  are  vibration-proof  and  shock-proof. 

4  Thread  load  is  distributed '  oyer  all  the 
threads  of  the  nut,  instead  of  being  con¬ 
centrated  (HI  the  few  bottom  threads. 

5  Maximum  thread  shear  strenffh — full 
strength  of  the  most  modern  180,000  lb. 
tensile  alloy  bolt  will  not  strip  threads  in 


6  AU,  metal  construction  permits  applica¬ 
tions  involving  high  temperatures,  oil  or 
other  types  of  moisture.  Self-locking  is  main¬ 
tained  at  high  temperatures. 

7  Easily  installed — Huglocks  start  freely 
and  may  be  tightened  rapidly  by  standard 
hand  or  speed  wrenches. 

8  Economical  to  use — (x>tter  pins,  lock  wash¬ 
ers,  key  plates,  jam  nuts  or  other  secondary 
locking  devices  are  (ompletely  eliminated. 

9  Re-usable — repeated  removal  and  re-use 
on  the  same  bolt  or  a  similar  bolt  wrill  not 
destroy  the  locking  action. 

10  Controlled  preset  tonpte  values  are  built 
into  Huglocks,  insuring  the  vibraticHi-pioof 


nut.  (Compare  this  with  other  designs.)  results  visioned  in  your  engineering  designs. 

U.  S.  Patenu  2290270,  2333290,  2337797.  Other  Patenu  Pending 

I  Other  **Nationar*  Speciatties  Include  Ihe  Following: 

PhiHips  Racatsad  Scraws  Droka  Lock  Nuts  Scrivals 

Laminar  Flow  Scraws  Placa  BoRs  Hi-Shaar  Rivals 

Marsdan  Lock  Nuts  Lok-Thrad  Studs  Sams 

Dynomic  Lack  Nuts  Rosan  Locking  System  Ckilch  Hood  Scraws 

Send  for  samples  and  consult  with  us  on  any  fastener  question. 


^'THE  NATIONAL  SCREW  &  MEG.  CO.,  CLEVELAND  4,  0. 
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INSTRUMENT  DIVISION 


OSCILLOGRAPH 


Model  339  D.  B.  OSCILLOGRAPH.  PRICE  £40  Net  F.O.B. 

PERFORMANCE  DATA 
TIME  BASE  ...  5  —  250,000  c.p.s. 


AMPLIFIER 

Gain 

Frequency  Band 
in  c.p.s 

Sensitivity 
mV.RMS/m  m 

1  stags 

28 

10  —  100,000 

43.0 

2  stage  High  Gain 

900 

10  —  100,000 

1.3 

Wide  Band 

I0& 

10  —  2,000,000 

10.0 

HIGHBURY  LONDON  N.5. 

CABLE  ADDRESS:  Amplifiers  London 


ENGLAND 

CABLE  CODES:  Bentley's 


Seven  years  after  its  appearance  in  1938,  the  Cossor  Double  Beam  Oscillograph  is  still  unique.  The 
intrinsic  value  of  the  technique  introduced  by  this  instrument,  which  provides  true  simultaneous  indi¬ 
cation  of  any  effects  on  a  common  time  axis,  has  long  been  proved  in  all  fields  of  research  and 
production  testing — both  on  recurrent  and  transient  work.  It  is  an  understatement  to  say  that  prac¬ 
tice  has  revealed  no  sphere  of  investigation  where  its  use  is  not  at  least  advantageous.  Although  of 
enhanced  performance,  the  instrument  is  in  essence,  an  oscillograph  of  conventional  design  in  which, 
through  the  interchangeability  of  COSSOR  single  and  double  beam  trapezium-corrected  tubes,  true 
double  beam  technique  has  been  provided  without  inherent  limitations  or  distortions.  These  funda¬ 
mental  qualities  have  been  responsible  for  its  selection  as  the  standard  Oscillograph  for  most  of  the 
Allied  Nations'  Armed  Services.  Thus  precluded  earlier  from  acquainting  American  users  of  the 
"double  beamer",  we  are  now  able  to  make  good  this  omission  and  satisfy  also  the  friendly  urging 
of  A.E.F.  Technicians  who  have  all  wanted  "the  folks  Back  home"  to  know  about  it. 


presenting  the 
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FOR  BETTER 

SOLDERING 


GENERAL 


ELECTRIC 


SUP^RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


S«l«cf  ihm  NEW  0-1 
CALtOD  SOLDIIINO 
IRONS  wMi  th*  "iMn- 
fr«*sliig/'  •asy-to- 
r«plac«,  calorlcsd- 
coppsr  tips.  They 
simplify  malntanonc* 

In  yowr  shop.  Gon-  i 
oral  Boefrfe  Com-  / 
pony,  SchonocSody  / 
3,  Now  Yoflr.  /  i 


Thermador  is  a  name 
remembered  when  the  ut 
most  in  transformer  qual< 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


Jw  — ELECTRONICS 


to  cover  every 
known  requirement 


up  to  2500  voHt  and  h  par* 
tkubrly  suHod  whoro  ossombly 
oporations  includo  )ho  possibifify 
of  rough  handling. 

IMPREGNATiD 

b  the  Optimum  In  Suporiodty  for 
high  gloss,  non-hydroscopk,  ro- 
sbtonco  to  high  tomporoturos,  oitii 
ocids,  otc  lAAPREGHATED  hot  a 
dielectric  rating  beyond  7000  volts 
ond  is  unequalled  for  Long  Life 
Under  Most  Severe  Conditfons. 
Write  For  Samptas, 

fOtt  USERS  OP  COTTON 
YARN  VARNISHED  TURINOS 

The  AAHchell-Rand  AAIRAC  and 
HYGRADE  Varnished  Tubings  of 
long  staple  fiber  yarn  are  com¬ 
parable  to  Fibergios  Tubings  in 
dielectric  ratings,  tensile  strength, 
flexibility  and  long  life.  Write  For 
$ampt9s. 


HMUHAS  (INORGANIC) 

WNISHED  TURINGS 

AAR  hberglos  Vambhed  Tubings 
ore  made  in  four  gradesi  Stand* 
ard;  Ooubte  Saturafad;  Tripla 
Strangth  and  Impngnatad. 

ITANDARD  GRADE 

bos  maximum  flexibility,  b  treated 
with  o  minimum  of  vambh  ond 
recommended  for  high  tempera¬ 
tures  where  dblectric  strong  b 
not  a  factor. 


DOURLE  SATURATED 

has  all  quolitiet  of  the  Standard 
Grade  but  with  additional  coats 
of  varnish  to  bring  the  dblectric 
rating  up  to  1500  voHs. 

TRIPLE  STRENGTH 

b  built  up  with  coots  of  especially 
flexibb  insulatbn  vambh  for  di¬ 
electric  ratings 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 

SI  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N.Y. 

f 

Fibprqlos  Varnished  Tope  ond  Cloth  ^  PARTIAL  LIST  OF  M-R  PRODUCTS  Fiberqlos  Braided  Sleevinq 

Insulotinq  Papers  and  Twines  Fiberqlos  Saturated  Sleevinq,  Varnished  Tubinq  Cotton  Tapes,  Webbings  and  Sleevinqs 

Cable  Fillinq  and  Pothead  Compounds  Asbestos  Sleevinq  and  Tape  linpreqnoted  Varnish  Tubinq 

Friction  Tope  and  Splice  Varnished  Cambric  Cloth  and  Tope  Insulotinq  Vornishes  ot  all  types 

Transformer  Compounds  Mica  Plate,  Tape,  Paper,  Cloth,  Tubinq  Eitruded  Plastic  Tubinq 
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THE  SIllCOCKS-MIllER  CO 


FOR  GENTLE  OR  VIGOROUS 

Agitation  ofCompoundswhile  Heating 

If  your  compound  melting  j^jk 

*  problem  is  complicated  by  the 

W^Sm  use  of  a  hard«to-mix  formula, 

you  will  find  that  Sta-Warm’s 
experience  with  a  variety  of  K- 

j^P  types  of  agitators  will  be  help- 

f^  to  you. 

Showo  here  are  two  basic  types 
of  agiutors  most  commonly  used  in  I 

Sta-Warm  heaters.  Type  A,  a  simple  1 

two  blade  propeller,  rotates  in  a 
Type  A  horiaontal  plane  about  one  inch 

above  the  bottom  of  the  tank  to 
maintain  materials  in  suspension. 

Type  B,  with  near  scraping  blades 

routing  close  to  tank  sidewalls,  does  ^BP|HP 

a  thorough  job  of  mixing  and  dium- 
*“*  of  heavy  materials. 

Proper  speed  of  agitation  is  an 
^^^P  important  faaor  with  whidi  Su-  _ 

I  B  Warm  engineen  can  help  you.  Why 

not  outline  your  compound  melting 
H  pKd>lem  when  inquiring  for  bulletin 

■  I  that  gives  further  description  of  Su* 

Warm  heating  tanks  with  agitaton.  I  I 

Write  to  Dept.  F  for  full  ■  .J 

Type  1  information.  B 


iaWaim  ELECTRIC  CO. 

1000  N.  CHESTNUT  ST.  •  RAVENNA,  OHIO 


it  (ms Is  You  Loss 
To  Poy  d 
Littlo  More  For 

SILLCOCKS.MILLER 
PLASTIC  PARTS 


tr 

Power 

Transformers 

(Up  to  /  kw. ) 

Audio 

Transformers 

High-Voltage 

Transformers 

Filter  Chokes 

Coils 


When  you  require  plastic 
parts  ic^ricoted  to  close  tol¬ 
erances,  you  can  always  de¬ 
pend  on  Sillcocks-Miller. 

This  orgcmizotion  pioneered 
in  the  precision  fabrication 
of  parts  from  plastic  sheets, 
tubes  and  rods.  Out  o(  this 
long  experience,  Sillcocks- 
Miller  engineers  offer  you 
the  imderstanding,  nlrill  cmd 
facilities  to  produce  plastic 
parts  to  your  exact  reqtiire- 
ments  or  to  help  you  work 
out  suitable  designs. 

This  know-how  saves  you 
time,  trouble  and  money. 
That's  why  "it  costs  you  less 
to  pay  a  little  more  for 
Sillcocks-Miller  quality." 


Write  for 

Illustrated  brochure 


DINION  coil  COMPANY,  Inc. 

CALEDONIA,  N.  Y. 


I  iho  Wait  farktr  Anmf,  llupkwssi,  k  !• 

IlMtiliai  AMnis:  Saatli  OrM|«. 

tneiAum 


SEARCHLIGHT  SECTION  # 


WANTED  t 

FACTORY  MANAGER 

Thoroughly  •xporioneod  la  moatity  pro¬ 
duction  of  nnctll  oloetro  mo^cmical  corti- 
cIm.  Must  hoTo  good  production  oxpori 
•nco  background  coToring  sguipmont, 
machinery  problems,  tooling,  plant  layout, 
etc.  Must  haTe  thorough  knowledge  plant 
operating  systems,  scheduling  methods. 
This  is  on  excellent  position  for  the  right 
who  must  be  hard  worker  ond  a 
l*®der.  The  man  we  wont  may  now  be 
employed  os  factory  manager,  assistant 
fat^ory  manager  or  superintendent  in  this 
field  and  ready  for  more  responsibility. 
Replies  will  be  held  in  strict  confidence. 
Medium  sised  company,  location  Newark, 
N.  J. 

P-16*.  Klectronlcs 

>30  West  42nd  8t..  New  York  18.  N.  Y. 


WANTED  I 

FACTORY  ENGINEER 

We  hare  openings  in  our  Factory  Engi-  I 
neering  DiTisfon  for  two  outstanding  men.  I 
pies^e  men  would  require  on  experienced  | 
background  of  at  least  fiee  years  engi-  | 
neering  work  on  factory  problems  relot-  I 
ing  to  receiring  tube  manufacture.  An  I 
Mgineering  degree  would  be  helpful,  but  | 
the  primary  requirements  of  the  positions  I 
ore  the  experience  and  the  ability  to  sue-  i 
cessfully  soIto  the  erery  day  problems  I 
encountered  in  the  manufacture  of  receie-  I 
ing  tubes.  I 

Apply  by  letter  to  Personnel  Department.  | 
Notional  Union  Rad’o  Corporation,  Lans-  I 
dale.  Pa.  i 


WANTEl>:  TOP  FLIGHT  DESIGN  ENGINEER 
FOR  SENIOR  ADMINISTRATIVE  POST 


Must  hare  substantial  prior  experience  in 
carrying  the  full  responsibility  of  on  engi¬ 
neering  department  that  has  a  long  suc¬ 
cessful  record  in  producing  complete  ond 
raried  lines  of  radio  transmitters  for  com¬ 
mercial  serrices,  including  FM  and  AM 
Broadcasting,  Point-io-Point  Communica¬ 
tion,  Ariation  Marine  and  Police.  The  man 
we  ore  seeking  must  be  a  graduate  Elec¬ 
trical  Engineer  with  a  full,  all-embracing 
theoretical  knowledge,  combined  with  ex- 
tensire  practical  application.  His  experi¬ 
ence  should  include  first  hand  knowledge 
of  important  recent  FM  and  AM  and  Micro- 
wore  developments  in  the  communication 
field. 

Because  the  man  selected  for  this  impor- 
tont  post  must  assume  great  responsibility, 
his  compensation  wil  consist  of  a  high 
bracket  salary,  plus  o  production  bonus 
incentive.  This  arrangement  will  afford 
him  a  most  unusual  opportunity  to  earn 
a  very  substantial  income,  directly  in  pro¬ 
portion  to  his  demonstrated  ability. 


Our  company  (located  in  New  York  City)  | 

has  been  established  for  many  years  and  | 

en)oys  a  world-wide  reputation  for  high  f 
standard,  custom-built  communication 
equipment.  Our  war  record  is  unexcelled 
and  our  post-war  expansion  program  | 
which  is  already  under  way,  forecasts  an  | 
important  position  in  the  forefront  of  the  I 
communication  industry. 

i 

This  is  a  iob  for  a  man  who  has  reached 
a  ceiling  in  his  present  position  and  must  | 
make  a  change  to  increase  his  income,  or  | 
on  assistant  chief  engineer  who  has  not  I 
been  permitted  the  full  employment  of  his  | 
capabilities.  Write  to  us.  telling  enough  | 
about  your  qualifications  and  past  expert-  j 
ence  to  warrant  on  interview.  All  com-  | 
munications  will  be  held  in  strictest  con-  I 
fidence.  Our  organization  knows  about  I 
this  odvertisement.  Address  your  letter  to  I 


I  P-167,  Electronics 

j  330  West  42nd  St..  New  York  18.  N.  Y. 
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POSITION  VACANT 


IIADIO  INSTRUCTORS.  Receiver  servlclnpf 
experience.  College  degree  preferred.  3600 
a  'year  to  start.  14200  after  four  months, 
work  In  the  heart  of  the  Radio  Industry.  Write 
Raleigh  G.  Dougherty,  1.68  Market  Street. 
Newark  2,  New  Jersey,  c/o  New  York  Technical 
Institute  of  New  Jersey. 


EMPLOYMENT  SERVICE 


SALARIED  POSITIONS  $2,500-126.00.  This 
thoroughly  organized  confidential  service  of 
36  years’  recognized  standing  and  reputation 
carries  on  preliminary  negotiations  for  super¬ 
visory,  technical  and  executive  positions  of  the 
calibre  indicated,  through  a  procedure  Individ¬ 
ualized  to  each  client’s  requirements.  Retaining 
fee  protected  by  refund  provision.  Identity  cov¬ 
ered  and  present  position  protected.  Send  only 
name  and  address  for  details.  R.  W.  BIxby, 
Inc.,  27*  Dun  Bldg.,  Buffalo  2,  N.  T. 

———.I 

POSITIONS  WANTED 


experienced  ’ VACUUM  tubes  and  Incan¬ 
descent  lamps  glass  man.  PW-172.  Electron¬ 
ics,  520  N.  Michigan  Ave.,  Chicago  11,  Ill. 


RADIO  ENGINEER:  desires  responsible  posi¬ 
tion  designing  and  developing  communica¬ 
tion  or  commercial  receivers.  Four  years  ex¬ 
perience  In  communication  and  export  receiver 
design.  Including  production  engineering.  Also 
five  years  field  servicing  experience.  At  present 
project  engineer  with  large  concern.  B.S.  de¬ 
gree.  Age  28.  prefer  midwestern  location. 
PW-17S,  Electronics,  520  N.  Michigan  Ave., 
Chicago  11,  Ill. 


GRADUATE  ELECTRICAL  Engineer,  age  30, 
desires  position  with  a  future  In  reliable 
company.  Am  Interested  In  sales  engineering, 
field  work,  and  practical  engineering  applica¬ 
tions.  Three  years  experience  servicing  radio 
and  electronic  equipment,  one  year  as  purchas¬ 
ing  engineer  for  electronics  laboratory,  war¬ 
time  experience  In  large  New  England  research 
and  development  laboratory  on  electronic  prob¬ 
lems.  Radio  amateur  since  1931.  Desires  posi¬ 
tion  where  this  experience  would  be  of  more 
value  to  company  than  pure  engineering. 
PW-174,  Electronics,  620  N.  Michigan  Ave., 
Chicago  11,  IIL 


ENGINEER-PHYSICIST:  39,  with  B.S.  and 
M.S.  degrees  In  E.E.  and  Ph.D.  degree  in 
physics  seeks  teaching  or  development  engi¬ 
neering  position  In  middle  or  far  west.  Has 
fourteen  years  Industrial  experience  from  em¬ 
ployments  with  Westtnghouse,  Philco,  Panama 
Canal  and  General  Electric  in  design,  develop¬ 
ment  and  application  of  electrical  power  equip¬ 
ment;  and  five  years  experience  teaching  both 
E.E.  and  radio  at  evening  schools.  PW-175. 
Electronics.  330  W.  42nd  St.,  New  York  18, 
N.  Y. 


POSITIONS  WANTED 


QUALITY  CONTROL  Engineer,  E.E.  graduate 
32.  4  years  quality  control  experience  with 
U.  S.  Signal  Corps,  2  years  total  inspection 
experience,  desires  responsible  position  in  East¬ 
ern  U.  8.  Would  consider  consulting  basis. 
Available  now.  PW-176.  Electronics,  330  W. 
42nd  St.,  New  York  18,  N.  Y. 


ELECTRICAL  ENGINEER:  available  for  com¬ 
pany  with  Far  East  relations.  Present  con¬ 
tract  as  manager  of  Engineering  dept,  in 
China  expires  in  July.  Engineering  and  execu¬ 
tive  experience  of  19  years  in  remote  control, 
regulation  technique,  switch  gear,  measuring 
instruments  as  well  as  general  engineering, 
power  stations,  boilers,  waterworks,  etc.  Ex¬ 
perience  in  establishing  of  production  in  Far 
East.  Age  43.  Desires  situation  either  in  United 
States  or  In  China.  PW-177.  Electronics,  330 
W.  42nd  St.,  New  York  18,  N.  Y. 


PHYSICAL  CHEMIST:  Ph.D.  extensive  experi¬ 
ence  in  lamp  and  electronic  tube  design, 
manufacturing  and  materials,  high-vacuum 
technique.  Interested  in  research  or  develop¬ 
ment  position  as  senior  engineer.  New  York 
Metropolitan  area  preferred.  PW-178.  Elec¬ 
tronics,  520  N.  Michigan  Ave.,  Chicago  11,  Ill. 


SELLING  OPPORTUNITY  WANTED 


FIELD  ENGINEER:  available;  6  years  good 
Eastern  contacts  with  engineers  and  purchas¬ 
ing  departments  in  aircraft,  electronic,  and 
transportation  fields;  12  years  in  sales  work; 
good  record:  E.E.  degree;  age  34.  Desires  good 
line  to  represent  on  salary  and  commission. 
SA-179,  Electronics,  330  W,  42nd  St.,  New  York 
18.  N.  Y. 


GRADUATE  RADIO. 
ENGINEER 

Four  yoon  •xporioneo  ia  oloctronie  and 
radio  nerauiaeturing;  throo  yoan  drafting, 
four  yoors  gonoral  onginoo^g  and  oiiico 
practical;  part  tima  taaching.  Adaquata 
background  for  handling  monagarial  ra- 
iponiibilitias.  Salf-aducotad.  good  itu- 
dant,  mothamotically  and  machonicaiiy 
inclinad.  Somawhot  prafars  alactro-ma- 
chanical  daaign  or  aiactronic  control  da- 
Yalopmant  in  mid  wastam  location. 


PW-161V,  Electronics 

620  North  Michigan  Ave.,  Chicago  11,  Ill. 


»ai**m*»*m**ii**6H»*>i»6MWi**6wi>iii— 6*iH*»**>ii6***6i*>N»i>6im**m*aHim*H*a**imi*m^ 

ELECTRICAL 

DESIGNER 

fully  copobla  of  davaloping  automatic  | 
'witch  gaor  aquipmant.  Practical  axpari-  | 
anca  on  alactric  coin  mochina,  muiic  ma-  | 
china,  automatic  talapbona,  stop  iwitchas,  | 
ate.,  Tary  auantial. 

If  you  con  qualify,  this  opportunity  will  | 
offar  futura  with  parmanant  amploymant  | 
and  good  salary.  Whan  applying  for  posi-  | 
tion,  plaasa  stota  fully  post  axparianca,  | 
qualifications,  salary  axpactad,  and  aToil-  j 
ability.  | 

P-117,  Electronics  | 

620  North  Michigan  Ave..  Chicago  11.  Ill.  | 

_ _ Ji 

I  RADIO  ENGINEER 

i  Circuit  Design  | 

Home  Receiver  Experience  I 

I  Write  Box  EM  BB20  I 

I  EQUITY  I 

I  113  W.  42  St.  New  York  City  | 


Production  Manager  j 

I  I 

I  Wa  wont  a  man  whose  record  shows  | 
I  consistent  progress  in  the  production  and  ! 
I  of  the  Electronics  Industry,  INCLUDING  | 
I  PRE-WAR  axparianca.  Ha  must  demon-  | 
I  strata  that  ha  con  davalop  a  supervisory  I 
I  group  into  a  hard-hitting  TEAM  and  that  | 
I  ha  is  qualified  to  work  on  an  aorual  footing  | 

I  with  a  high  caliber  anginaaring  and  staff  1 
group,  starting  salary  to  $8500.  | 

Write  in  detail.  All  raplias  held  strictly  | 
confidential.  I 


I  P-166,  Electronics 

I  330  West  42nd  St.,  New  York  18,  N.  Y. 


SALES  REPRESENTATIVE 
WANTS  LINES 

Chicago  and  Vicinity 

Prime  materials  or  ports  for  Mechanical, 
Elactr'.cal,  Radio  and  Radio  Parts  Manu¬ 
facturing  Trade. 

RA-149,  Electronics 

620  North  Michigan  Ave..  Chicago  11.  Ill. 


(Additional  Searchlight  Section  Ads  on  pages  324,  326  and  327) 
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9  SEARCHLIGHT  SECTION 


CALIFORNIA  REPRESENTATION 
OFFERED 

To  radio  and  •lectronlc  manufacturers 
now  lookinc  for  firmly  established  and 
thoroughly  experienced  sales  agency. 
Correspondence  invited. 

*'IN  tADIO  SiNCI  1911" 

RA'US,  Electronics 

SS9  West  42nd  St..  New  York  IS.  N.  T. 


n 


MATIOUTAL  DlSTniRVTlON 
AVAILABLE 

For  Manufacturers  who  moke  products 
suitable  for  sale  to  radio  and  electronic 
iobbers.  We  have  a  complete  sales  staff 
for  nationol  and  export  distribution.  Reply 
with  samples  or  description  of  products. 
KA-870,  Electronics 

•SO  West  42nd  St..  New  York  IS.  N.  T. 


■AZELTON  INSTRUMENT  CO. 

Electric  Meter  Laboratory 
Electricel  inttrumentt,  Tube  Checkers 
end  Anelyiers  repaired. 

Wsr  surslut  msten  eosvsrtsd  for  eiviilsn  uto. 
140  Liberty  St..  New  York.  N.  Y. 
Tel.  lArcloy  7-4239 


WRITE  FOR  24  P.  CATALOG  OF 

mETERS 

-  AND  INSTRUMENTS 


VOlTMETBtS 

BRIDGES  (Wheatstone) 

AMMETBIS 

MEGOHMMETERS 

MICRO 

RHEOSTATS 

AMMETERS 

VARIABLE 

OHMMETERS 

TRANSFORAAERS 

FREQ.  AAETERS 

RELAYS 

eLEmo-rtcH^’:^,c 

329  CANAL  ST.,  N.  Y.  13,  N.  Y. 


MtMtMHtMtSMHMMtttUMOStMSOSMMOSStllMlllimiMSIM 


PAN-OSCILLO  RECEIVER 

P«rforms  Work  of  4  Units 

Lete$t  deHffn.  9*  Oaeilloteope.  Panoramie  Adapter, 
Spnehreaeope,  Receiver  (when  used  with  eonverter). 
Puth-puli  verticsi  tnd  horizontal  amplifiers.  Ideal 
for  laboratory,  telerlilon,  and  general  use.  69  cycle 
transroriner  prorlded  (if  wanted  Inatalled  and  tested 
add  S6  60  extra.) 

Originally  $2,000 — your  cost  with  21  tubes 
$97. SO  r.o.B. 

Write  for  picture  flyer  or  send  &0c  for  eighty- 
page  technical  manual. 

SO  Helepn  Uotore  110  V.  AC  00  Cycles  Direction 
Indicators  $12  a  pair. 

WEtTeHeSTER  ELECTROEIC  PRODUCTS 
29  Milbsrae  St..  ■reaxville.  N.  Y. 


FOR  SALE 

Cesiplete  lahorstory  setup  includlnt  ture  induction 
furnsees  adJustsMe  to  possible  eommercial  produe- 
tisn  setup— a  5000  volt  and  a  20.000  volt  power 
supplies  and  complouientary  equipment.  Wilt  be 
pii^  far  qutek  sale.  Details  en  request. 

CONSOLIDATED  PROCESS  CORP. 

3S0  FIFTH  AVENUE.  NEW  YORK  1.  N.  Y. 


REST  QUALITY.  USED 
ELECTRON  TURE  MACHINERY 

Equipment  for  the  manufacture  of  all  kinds  of 
electroa  tubes,  radio  tubea.  Incaadeaoent  lamps, 
noon  tubes,  photo  etectrie  oells.  X-ray  tubes,  etc. 

AMERICAN  ELECTRICAL  SALES  CO..  Inc. 

AS-A7  East  ttb  St.  Now  York.  N.  Y. 


MdlioeU  o/  MOLDED  CAPACITORS 

IjOA.  HmetiedUate  SUiftmeetl 


War  Assafs  Corporation  stocks  of 
mica,  silvor-mieo,  and  molded  oil¬ 
paper  capacitors  hove  solved  critical 
shortages  . . . 

Here's  an  example  .  .  .  One  manufacturer 
was  recently  supplied  with  286,000  units 
.  .  .  ordered  by  phone  and  shipment  made 
within  24  hours  .  .  .  quantities  involved 
varied  from  2,000  to  1 1 5,000  units  with 
capacitances  ranging  from  75  to  300  Mmfd. 

...  at  a  substantial  saving.  ^ 

Standard  Hafiagt  Govaramaat  fuapocfarf 

TORE  DEUTSCNMANN  CORPORATION 

Acting  as  Agents  of  War  Assets  Cerporotloe 


Remler  Appointed 

Agent  for 

WAR  ASSETS 
CORPORATION 

(Under  Contract  No.  59-A-3-48) 

...  to  handle  and  sell  a 
wide  variety  of 

ELECTRONIC 

EQUIPMENT 

released  for  civilian  use 

Write  for  Bulletin  Z7-E 

Remler  Company  Ltd. 

2101  Bryant  St.  San  Francisco  10,  Calif. 

REMLER 

Since  1918 

Radio  •  Communications  •  Elearonics 


SURPLUS  PARTS 

and 

EQUIPMENT 

Enginqqrs  uru  Invited  to  Inspect  our 
dispiey  of  surplus  Government-owned 
electronic  perts  end  equipment. 
55,000  sq.  ft.  teeming  with  worthwhile 
items!  All  meteriel  Inspected  end 
tested;  backed  by  usuel  90-dey  menu- 
tectureri*  guarentee. 

Sorry,  no  retail  sales;  ell  pur¬ 
chases  against  company  orders  only. 


COMMUNICATION 
E 

LABORATORY 


Control  Agnnt  lor  War  Assets  Corp. 

Display  Room:  3S0  W,  40fh  Street 

Main  office;  120  Greenwich  St.,  New  York  6 


. 

RELAYS 

Surplus.  Qty.  4700.  DJ.S.T. 

400 

ohms.  28  Tolt  r'x2"x2Vi'' 

Send  ter  SpeeKeatleee 

P.  O.  Box  97 

1  leentee. 

New  Jersey 

MANUFACTURERS  —  JUBBERS 

PRECISION  RESISTORS 
Orer  1,000.000  in  atockl 

SELECTOR  SWITCHES 
MoUory  1331  -  1341  •  1351  -  1301 
.  .  .  emd  other  types 

MOLDED  PAPER  COND. 

.OOS  -  .01  -  .02  -  .05  -  .1  MFD. 

GENERAL  ELEC.  3"  I4ETERS 
Square  0-1  DC  MA 

OTHER  HARD-TO-GET  ITEMS 
Write  for  cofafog 

A.  MOGULL  CO. 

151  Woskiiigfea  St.  N.  Y.  5.  N.  1 

Dept,  i 
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FOCUS  COILS 

TeleTi^on  Focus  Coils  Shunt  Type  for 
all  New  C.R.  Tubas.  $3.50  in  quemtity. 

IH-169,  Electronics 

230  West  42nd  St..  New  York  18.  N.  Y. 


CONDENSIRS 

2000  SOmM.  50  V.  Bathtub  450  400  ahei— 10  watt  .15 

Mallory  B8-35  S-SO  300  25  ohm— 25  watt  .15  ^ 

300  24Bifd.  300  V.  Betbteb  '®®®  .10 

Mallory  68-56  .50  •**  2i 

All  new  parts  la  mfqr.  bulk  packini. 

HOME  ELECTRONICS.  2366  Bantlav  Av«..  Los  A 


SBiR-a?:" 

RESISTORS 


SWITCHIS 

500  ^  F3  nvitohette 

General  Eleetrie  .30 

30t  Aere-tw.  type  XO-IL  .30 

JACKS 

200  Mallory  »70e  .40 

200  Mallory  S703A  .36 


Colifeniia 
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ELECTROIVIC  Surplus 


TEST  OSCILLATOR 

AND  HETERODYNE  FREQUENCY  METER 


True  OHMMETEK  indication  by  cross-coil,  ratio  meter. 
Heavy  duty  Generator  with  centrifugal  voltage  regulator. 
Moldetl  bakclite  case.  Extenial  guard  circuit.  Indicator  and 
generator  powere<l  by  Separate  Alnico  i>ermanent  magnets.  Gen¬ 
erator  mwlel  self  powered — no  batteries  or  other  power  source 
required;  Meets  U.  S.  Government  Spec.  Navy  Type  G  an*l 
Army  Signal  Corps  Type  1-48-R.  Direct  reading — no  ratios  to 
set — no  switches  to  turn.  All  resistors  are  wire  wound. 

These  instruments  are  brand  new,  come  complete  with  carry¬ 
ing  cases,  test  leads,  instruction  books  and  a  90-day  guarantee. 
Only  96S.OO  P.O.B.,  N.Y.C. 

SYNCHROSCOPE 

Navy  type  CJA-60  ACM  For  SR  Radar  Sat 

Very  high  grade  Syncroscope  excellent  for  very  high  frequency 
work.  Has  the  following  tubes : 

3BP1 — 3  in.  cathode  ray  tube  5U4G — Full  wave  rectifier 

6AG7 — Video  amplifier  tube  2 — VR  150/130— Voltage  regu- 

6SN7GT — Multivibrator  oscil-  lator 

lator  tube  ’0SN7 — Sweep  generator 

3B24 — High  voltage  rectifier  6SN7 — Triggering  tube 

Comes  complete  with  one  spare  tube  of  each  type,  all  complete 


Radar  Tatt  Cqulpmant,  Modal  L(/*J,  CRB-60ACT 

Praquancy  Matar  and  Tast  Otcmatof 

Radar  Test  Equipment,  Model  LU-3  is  desip:ned  to  provide 
a  rapid  and  accurate  method  of  checking  or  aligning  the  high- 
frequency  circuits  of  certain  ^P«8  of  radar  and  radar-beacon 
transmitters  and  receivers.  The  set  is  a  combination  test 
oscillator  and  heterodyne  frequency  meter. 

Tests  Oscillator. — When  used  as  a  test  oscillator,  the 
equipment  will  deliver  a  carrier  signal,  continuously  variable 
within  either  of  two  ranges  (465  to  475  or  488.5  to  498.5 
megacycles  per  second),  amplutude-modulated  by  a  sine-wave 
voltage  at  30  kilocycles  per  second,  or  pulse-modulated  at  1000 
cycles  per  second  with  a  pulse  length  of  10  microseconds.  The 
output  can  be  radiated  from  the  antenna  or  taken  across  a  50- 
ohm  coaxial  cable. 

Heterodyne  Frequency  Meter. — The  set  will  measure  the 
frequency  of  received  signals  within  the  L  and  H  ranges  (465 
to  475  or  488.5  to  498.5  megacycles  per  second).  Headphones 
are  supplied  for  detecting  the  heterodyne  note. 

Frequency  Ranges — From  465  to  475  megacycles  per  second 
and  from  488.5  to  498.5  megacycles  per  second.  At  the  zero 
point  on  the  Frequency  Deviation  dial  the  equmment  will 
transmit  or  monitor  a  si^al  with  an  accuracy  of  0.025  per  cent. 
At  the  maximum  deviation  of  the  dial  the  accuracy  is  within 
0.05  per  cent. 

Type  of  Frequency  (Control  of  Calibration  Oscillator. — 

Quartz  crystal  in  grid  circuit  of  V-IOIA. 

Types  of  Emission. — R-f  carrier  with  sine-wave  or  pulse 
modulation. 

Sine- Wave  Modulation. — ^Type :  Amplitude.  Method  :  Grid 
modulation  of  output  tube.  Modulation  Frequency:  30^1  kc 
per  sec.  Modulation  Capability :  30  to  100  .per  cent. 

Pulse  Modulation. — Method:  Grid  modulation  of  output 
tube.  Pulse  Frequency :  1000  cps  25  per  cent.  Pulse  Length 
(at  half  amplitude)  :  10  microseconds  25  per  cent.  Modula¬ 
tion  Capability:  100  per  cent. 

Pulse  Signal. — Frequency:  1000  cycles  per  second  ±  25 
per  cent 

From  6000-ohm  receptacle 

Load  resistance,  ohms  6000  50,000  plus 

Voltage,  dc  (positive  peak)  21  min.  65 

From  60-ohm  receptacle 

Load  resistance,  ohms  50  1,000  plus 

Voltage,  dc  (positive  peak)  10  min.  17 

Nominal  Carrier  Output. — Antenna:  Approximately  10 
milliwatts.  Output  Cable,  50-ohm:  Approximately  10  micro¬ 
volts. 

Power  Supply. — Single-phase  alternating  current.  Voltage: 
80  or  117  volts.  Frequency :  50  to  800  cycles  per  second.  Con¬ 
sumption  :  approximately  0.4  amn  at  lit  volts  or  40  watts  at 
a  power  factor  of  0.80.  Power  Factor :  80  per  cent. 

Comes  complete  with  one  spare  tube  of  each  type  plus  a  full 
set  of  Navy  equipment  spare  parts  in  a  metal  spare  parts  box. 
Price  F.O.B.,  N.Y.C.,  is  965.00 
If  you  need  further  information  send  for  an  instruction  book 
free  of  charge. 


SURPLUS  WHOLESALE  LOTS 

NEW  VACUUM  TUBES 

THESE  TUBES  ARE  ALL.  NEW.  IN  ORIGINAL  BOXES. 
MFGD.  BY  R.C.A..  HYTRON,  RAYTHEON.  SYLVANIA.  We 
will  sell  only  the  minimum  of  $100.00  worth  or  the  entire 
quantity  of  any  one  item  that  may  add  up  to  less  than  the 
above  sum. 

4000 — #954  .  I  .35 

265— #955  .  I  .35 

265 — #956  .  $  .35 

1500— #6SN7  .  I  .45 

630 — #VR  150/30  .  I  .55 

400 — #6AG7  .  I  .80 

315 —  #3B24  (same  as  2x2) .  $1.25 

316 —  #5U4G  .  $  .80 

315 — #3BP1,  cathode  ray .  $4.50 

NEW  METERS 

These  meters  are  ALL  NEW,  absolutely  standard  in  all  re¬ 
spects.  Round  Flush  Bakelite.  We  will  sell  only  in  lots  of  50 
or  more  of  any  one  item. 

1000 — Weston  2%,  Model  617,  AC  voltmeter  0-160 .  $2.50 

1000 — Weston  2%,  Model  606,  DC  voltmeter  0-20  volts, 

1000  ohms  per  volt  .  $3.00 

450 — Weston  2 Vi,  Model  507,  Ext.  couple,  750  Ma. 

Radio  Frequency,  BLACK  SCALE.  Caption  is — 
Antenna  Current  Indicator  Controlled  Scale 

250 — G.E.  3  Vi.  Model  A022,  AC  voltmeter,' 0-160 $4.00 

100 — G.E.  3Vi.  Model  A022,  AC  voltmeter,  0-300 .  $6.00 

150 — G.E.  3Vi,  Model  A022.  AC  ammeter.  0-6  Amper 

coil,  0-50  Amper  scale .  $3.60 

100 — G.E.  3  Vi.  Model  A022,  AC  ammeter.  0-50  Am¬ 
peres,  self  contained . ea.  $3.76 

400 — G.E.  3Vi,  Model  A022,  AC  ammeter,  0-80  Amperes. 

self  contained . ea.  $3.76 

OIL  FILLED  CONDENSERS 

ALL  NEW  CONDENSERS,  G.E..  PYRANOL  AND  SPRAGUE 
VITAMIN  Q.  Minimum  quantity  to  be  shipped  on  any  one 
item  will  be  50  pieces. 

760  60  MFD  at  26  V  DC.  $1.00 

1200  10  MFD  at  1000  V  DC.  $1.75 

3000  10  MFD  at  600  V  DC.  $1.50 

130  4  MFD  at  600  V.  DC.  $1.00 

1000  1  MFD  at  4000  V  DC.  $2.75 

3400  1  MFD  at  3000  V  DC.  $2.25 

1300  1  MFD  at  2000  V.  DC.  $1.60 

200  .25  MFD  at  3000  V.  DC.  $2.00 

,  1200  .05  MFD  at  16000  V  DC.  $3.00 

432  2x  .15  MFD  at  8000  V  DC.  $1.76 

404  3x  .6  MFD  at  90  V  DC.  $  .40 
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JOHN  F.  RIDER  PUBLISHER,  INC. 

4  04  F  O  U  R  T  H  A  V  E  N  U  E  ,  NEWYORK  16,  NY. 

E)fpor‘  Division  Rocke- 1 nternotionol  Electric  Corp  ,  13  E  40fh  Street,  New  York  16.  N  Y 


between  successive  tubes  which  bear 
the  same  first  three  digits.  This  is  in 
keeping  with  the  industrial  practice 
of  assigning  drawing  numbers.  An 
A2B3  might  signify  a  particular  con¬ 
struction  of  one-volt  triode  of  which 
two  or  more  similar  types  exist. 

This  system  should  not  only  take 
care  of  all  needs  for  a  long  time 
but  should  remain  consistent  without 
the  necessity  of  tacking  on  additional 
symbols  such  as  are  now  required  for 
GT  tubes,  single-ended  tubes,  etc. 
The  type  number  of  any  one  tube 
would  carry  enough  information  to 
compare  numerous  tubes  without 
reference  to  comparison  charts,  or  at 
the  very  least  would  certainly  be 
more  descriptive  than  the  present 
system. 

Currently,  one  must  either  know 
all  the  tubes,  ask  questions  every 
time  tube  types  are  discussed,  or 
describe  a  given  tube  by  a  series  of 
guesses,  words,  or  perhaps  gestures. 

Edwin  Dyke 

Engineerinq  /)*•;*#. 

Oalvin  Uanufacturinq  Corq. 

Chicago,  lllinoin 


spstp  Am  smpuctn 

A-C 

CALCULATION 

CHARTS 


by  VICTOR  J.  YOUNG 

For  thoM  who  havo  net  provieusly  con- 
•idorod  radio  wovof  shorter  than  10 
centimeters.  Provides  foundation  for 
understanding  various  microwave  deveU 
epments  of  past  five  years.  To  simplify 
explanations,  mathematics  are  placed  in 
footnotes  wherever  possible. 

CHAPTER  HEADS 

The  Ultra  High  Fre-  guides  •  Resonant 

quency  Concept  •  Sta-  Cavities  •  Antennas 

tionery  Charge  and  its  Microwave  Otcilla- 

Field  •Magnetostatics  tors  •  Radar  and 

Alternating  Current  Communication  •  Sec¬ 
ond  Lumped  Con-  tion  Two  is  devoted 

stants  •  Transmission  to  descriptions  of 

lines  •  Peynting's  Microwave  Terms, 

Vector  and  Maxwell's  Ideas  and  Theorems. 

Equations  •  Wave-  Index. 


Student  engineers  will  find 
that  this  book  is  invaluable. 
It  simplifies  and  speeds  any 
work  involving  AC  calcula¬ 
tions.  The  book  contains  146 
charts.  Covers  all  AC  cal¬ 
culations  from  10  cycles  to 
1000  megacycles. 

160  PAGES-PRICE  $7.50 


OUT  IN  MAY- OVER  400  PAGES -PRICE  $6.00 


ORViR  TODAY 


Tube  Numbering  Mess 

Dear  Sir: 

Once  upon  a  time,  as  the  fairy  sto¬ 
ries  go,  the  RMA  had  a  system  for 
numbering  electron  tubes.  Like  snow 
on  a  New  York  street,  it  did  not  re¬ 
main  in  its  pure  form  long,  what  with 
S  in  the  wrong  place  for  single  ended, 
G  and  GT,  X,  M,  GT/G  and  a  lot 
more  prefixed,  suffixed  and  just  plain 
affixed. 

Now  we  have  a  nice  mess  of  tubes 
with  apparently  2,  3  and  4-volt  fila¬ 
ments  which  actually  operate  on  any 
voltage  the  designer  could  think  of, 
and  have  22,  24,  25,  or  35  internal 
elements  all  connected  to  a  four  or 
five-pin  base — if  we  believe  the  old 
numbering  system. 

Remember,  I  only  have  to  teach 
the  stuff. 

J.  D.  Ryder 

Professor,  Electrical  Engineering 
Iowa  State  College 
Ames,  Iowa 


No  mere  guoss-work  or  mistakes  with  the  new  Signolling  Timer  Model 
Series  S,  on  any  job.  To  the  second,  it  accurately  controls  ony  time 
cycle  for  which  it  is  set,  and  when  that  interval  of  time  has  elapsed, 
visual  and  audible  warning  is  given  as  the  circuit  is  broken.  Precise 
and  inestimably  valuable  in  any  capacity  where  split-second  timing 
is  essential.  Write  for  particulars. 


Club  members  of  the  Cleveland  Auto¬ 
mobile  Club  will  have  emergency  calls 
routed  from  a  fixed  station  to  four 
portable  mobile  units  in  service 
trucks.  First  experimental  grant  for 
construction  has  been  approved  by 
FCC. 
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MICROWAVE 

MEASUREMENTS 


ENGIN[EniNG 


DEVELOPMENT 


Since  its  inception,  the  ciesigns  of  the  UTC  Engineering 
Department  have  set  the  standarcJ  for  the  transformer  fieW. 


Hum  lolonctd  Coil  Structuro:  Used  by  UTC  in 
practically  all  high  fidelity  designs.  .  .  .  Hum 
balanced  transformers  are  now  accepted  as 
standard  practice  in  the  transformer  field. 


Ultra*Cempact  Audio  Units:  A  complote  series  of 
light  weight  audio  and  power  components 
for  aircraft  and  portable  applications.  Ultra- 
Compact  Audio  units  are  hum  balanced  .  .  . 
weigh  approximately  six  ounces  .  .  .  high 
fidelity  response. 


Ouncer  Audio  Units:  Extremely  compact  audio 
units  for  portable  application  were  a  prob¬ 
lem  until  the  development  of  the  UTC  Ouncer 
series.  Fifteen  types  for  practically  all  applica¬ 
tions  .  .  .  range  40  to  15,000  cycles. 


Flug-ln  Audio  Units:  These  units  are  a  modifi¬ 
cation  of  our  Ouncer  series,  incorporating  a 
simple  octal  base  structure.  Fifteen  standard 
items  cover  all  applications. 


AJL^ 

Light  Weight  Aircraft  Filters:  RRF-5  Radio  Range 
Filters  and  other  special  filters  for  light  weight 

V  applications  embody  unique  size  and  weight 

r  saving  features.  A  typical  unit,  made  by  an¬ 
other  source  with  32  lb.  weight,  weighed  1  % 
lbs.  after  UTC  design. 

t 


Toroidal  Wound  High  Q  Coils:  UTC  typo  HQA 
and  HOB  Coils  afford  a  maximum  in  Q  .  .  . 
stability  .  .  .  and  dependability  with  a  mini¬ 
mum  of  hum  pickup.  Standardixed  types  ovail- 
able  for  all  audio  requirements. 


Sub-Audio  and  Supersonic  Transformers:  Embody 
new  design  and  constructional  principles,  for 
special  frequency  ranges,  fo  60  cycles  for 
geophysical,  brain  wave  applications  ...  8 
to  50,000  cycles  for  laboratory  service,  200  to 
200,000  cycles  for  supersonic  applications. 


MAY  Wf  COOPERATE  WITH  YOU  ON  YOUR  PROBLEM? 


electronics 

JULY  .  1946 


MICROWAVE  MEASUREMENTS  .  Cover 
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Only  minor  modifications  are  needed  in  standard  oscilloscope  to  use  new  type  5SP  tube 

ELECTRONIC  FIRE  AND  FLAME  DETECTOR,  by  Paul  B.  Weisi . 106 

Sensitive  indicator  for  flames  and  sparks,  not  affected  by  sun  or  artificial  light 

MEASURING  AND  MONITORING  BROADCAST  FREQUENCIES,  by  Lorry  S.  Cole . 110 

A  ten-kc  multivibrator  synchronized  to  a  transmitter  beats  against  WWV 

CRYSTAL  RECTIFIERS,  by  W.  E.  Stephens . 112 

New  types  of  small,  efficient  rectifiers  rival  the  diode  and  conventional  meter  rectifier 

^^CITER-REGULATOR  FOR  AIRCRAFT  ALTERNATORS,  by  Paul  T.  Hadley,  Arthur  W.  Forsberg  and  O.  Krauer.  .120 

Three-phase  constant-frequency,  and  single-phase  variable-frequency  devices  are  described 

INTERMODULATION  TESTING,  by  John  K.  Hilliard . 123 

Equipment,  technique  and  evaluation  of  results  for  audio  amplifier  testing 

MEASUREMENT  OF  VELOCITY  OF  PROPAGATION  IN  CABLE,  by  B.  Kramer  and  Fred  Stolte .  128 

Wave-velocity  meter  for  rapid  measurement  of  solid-dielectric  cable  at  vhf 

ROTARY  WAVE  RADAR,  by  Walter  van  B.  Roberts . 130 

Use  of  circular  polarization  permits  simultaneous  transmission  and  echo  reception  in  compact  low-power  applications 

ELECTRONIC  COMPARATOR  GAGE,  by  W.  H.  Hoyman . 134 

A  rapid  means  of  comparing  sizes,  or  deviations  from  a  standard,  with  an  accuracy  of  a  few  millionths  of  an  inch 

IONOSPHERE  MEASURING  EQUIPMENT,  by  P.  G.  Sulier . 137 

Untuned  transmitting  and  receiving  amplifiers,  pulse-generating  and  timing  circuits,  are  used 

AUDITORY  PERCEPTION,  by  J.  D.  Goodell  and  B.  M.  H.  Michel . 142 

Use  of  inverse  volume  expansion,  tone  controls,  and  filters  for  producing  linear  subjective  response 

CHARACTERISTIC  IMPEDANCE  OF  BALANCED  LINES,  by  Peter  J.  Sutro  . ISO 

Comparison  of  three  equations  for  balanced  two-wire  shielded  transmission  lines,  with  expressions  for  errors  in  each 

CROSSTALK  .  91  ELECTRON  ART .  188  NEW  BOOKS .  290 

INDUSTRIAL  CONTROL .  152  NEW  PRODUCTS .  208  BACKTALK  .  294 

TUBES  AT  WORK .  168  NEWS  OF  THE  INDUSTRY .  282  INDEX  TO  ADVERTISERS .  301 


HENNEY,  Editor;  DONALD  G.  FINK,  Executive  Editor;  W.  W.  MacDonald,  Managing  Editor;  John  Markus,  Vin  ZelufF,  Associate 
Editors;  Frank  Rockett,  A.  A.  McKenzie,  Assistant  Editors;  J.  A,  Myers,  Chicago  Editor;  Frank  Haylock,  Los  Angeles  Editor;  Gladys  T.  Mont¬ 
gomery,  Washington  Editor;  Jeanne  M.  Heron,  Make-up  Editor;  Jeanne  E.  Grolimund,  Editorial  Assistant;  Harry  Phillips,  Art  Director; 

Eleanore  Luke,  Art  Assistant 

H.  W.  MATEER,  Publisher;  J.  E.  Blackburn,  Jr.,  Director  of  Circulation,  Electronics;  Dexter  Keezer,  Director,  Economics  Department; 
Wallace  B.  Blood,  Manager;  D.  H.  Miller,  H.  R.  Denmead,  Jr.,  New  York;  Ralph  H.  Flynn,  H.  D.  Randall,  Jr.,  New  England;  F.  P.  Coyle, 
R.  E.  Miller,  Philadelphia;  C.  D.  Wardner,  A,  F.  Tischer,  Chicago;  E.  J.  Smith,  Cleveland;  J.  W.  Otterson,  Son  Francisco;  Roy  N.  Phelan, 

Los  Angeles;  Ralph  C.  Maultsby,  Atlanta 

Contents  Copynaht,  1944,  by  McGraw-Hill  Publishing  Company.  Inc.  All  Rights  Reserved  McGRAW-HILL  PUBLISHING  COMPANY  INCORPORATED, 
Pound*''  «'’d  Honorary  Chairman  •  PUBLICATION  OFFICE  99-129  North  Broadway,  Albany  I,  N.  Y.,  U.  S.  A.  EDITORIAL  AND 
EXECUTIVE  OFFICES  330  West  42nd  St..  New  York  IB.  N.  Y..  U.  S.  A.-Member  A.  B.  P.  Member  A.  B.  C. 

Ijf*'  Fr^dent;  Curtis  W.  McGrew,  Senier  Vice-President  and  Treasurer;  Nejson  Bond,  Director  of  Advertisina;  Eugene  Duflieid,  Editorial  Assistant  to 
Cl  erTOASr.lio  .  Secretary;  and  J.  E.  Blackburn.  Jr..  Vice-President  (for  circulation  ogerations). 

ItMo,  Vol.  19;  No.  7.  PuMUhod  monthly,  piieo  50c  a  copy.  Directory  luue  $1.00.  Allow  at  least  ten  days  for  chaneo  of  addreu.  All  communica* 
should  be  addressed  to  the  Director  of  Circulation.  _  , 

****••  ""d  boweslons,  $5.00  a  year.  $8.00  for  t«so  years.  $10.00  for  throe  years.  Canada  (Canadian  funds  accegtod)  $6.00  a  year,  $10.00  for 
ii?'’  "rw  years.  Pan  American  oeuntriee  $10.00  for  one  year,  $16.00  for  two  years,  $20.00  for  throe  years.  All  other  countries  $15.00  fer  one  year.  $M. 00 
T**''*-  •*•••»*  indicate  gosition  and  comgany  connection  on  all  subscrigtion  orders.  Entered  as  Second  Class  matter  August  29,  1936,  at  Post  Office.  Albany. 

March  3.  1879.  BRANCH  OFFICES:  520  North  Michigan  Avenue.  Chicago  II.  III.:  68  Post  Street.  San  Francisco  4;  Aldwych  House. 
2:  Washington,  D.  C.  4;  Philadelghia  2;  Cleveland  15:  Detroit  26;  St.  Louis  8;  Boston  16;  Atlanta  3.  Ga.;  621  So.  Hoge  St.,  Los  Angeles  14  :  738-9 
Oliver  Budding.  Pittsburgh  22. 


